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POCKET DRILL SETS 


Four sets of drills are available packed in attractive 
metal containers of cigarette case size. No more lost 
drills for the Practica’ Engineer and Handyman. 
Please write for descriptive folder. 


* Comprehensive stocks 
constantly maintained 
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DOUBLE MUSHET 


HIGH-SPEED STEEL 


TWIST DBILLS 


We do not know the number of holes made every 
day throughout the world by fast-cutting ‘‘ Double 
Mushet ” drills, but we do know that all of these 
drills are of consistent top quality. Manufacture 
throughout within the same organisation makes 
possible rigid production control and inspection, 
from the melting of the steel to the despatch of the 





ENGINEERS’ TOOLMAKERS 


SAMUEL OSBORN & CO, LIMITED. 








LYDE STEEL WORKS, 


SHEFFIELD 











Vol. 187 No. 4840 


12 December, 1958 

















ENGINEERING 


PUBLISHED 


EVERY FRIDAY 








772 


776 


776 


777 
784 


756 





— 


Contents 


Leading Article 
Quick On Our Feet 


Plain Words 
Letters to the Editor 


Information Retrieval 
Companies in the News 


Special Article 
Geneva Distillate: 8—Instrumentation and Con- 
trol 


Atomic Review 
Reactor Rivalry 


In Parliament 
Notices of Meetings 


Book Reviews 

Thermodynamics of Heat-Power Systems ; 

Television Engineering: Principles and Practice. 
Vol. IV: General Circuit Techniques 


New Books and 
Trade Publications 


On the Shelf 


Eng neering at Home 
Aluminium in Underfloor Heating 
To Clear the Air of Smog 

Skirting Ducting 


Management 
Weekly Survey 


Plant and Equipment 
Lifting Table 
Wie Rope Parting 
Class H Transformers 
Three Modernisation Locomotives: 
Midland Di scls 
Great Northern Dics-ls 
Prot ‘type 25 kV a.c. locomotive for Midland 
Region 
Automatic Gauging of Bearing Races 
Indicating Telephone Charges to Subscribers 


The Human Element 


Design 


Steam Motor: Power Plant to Give Choice of 


Output by Unit Construction 

Cordless Telephone Switchboard 

Grease Filled Polyethylene Sleeves for Cable 
Joints 

Transom Stern Trawler 

Wing Nuts from Folded Pressings 

Micro-Spot Cathode Ray Tube: Resolves 5,000 
lines 


Marketing 


Production 

From Colliery to Cable Making 
Mould for Radar Reflector 
Progress in Continuous Casting 


Research and Development 

Applications for Computers Explored: Fast 
Machine in Operation at NPL 

Friction Under Control 


Metals and Materials 

Fatigue Since Wéhler: A Century of Research 
Cure for Epoxide Resin 

Epoxide Paint 


Operation and Maintenance 

Making and Maintaining Special Purpose 
Machinery 

Laying Long Welded Rails Economically 

Small Soldering Iron 

London’s Travolator 


Quick On Our Feet 


e a factory near Swindon a young engineer 
was showing a group of visitors the 
company’s new laboratories. He pointed 
out a number of graphite blocks machined 
to close tolerances and stacked in a neat 
pile on a bench; he showed them a long 
stainless-steel tube in which beryllium oxide 
was to be heated to extremely high tem- 
peratures. He explained the use of a test 
rig in which graphite plugs would be 
irradiated in a nuclear reactor. Curiously 
enough, the factory had no reputation in the 
nuclear field. First and foremost it was 
associated with a famous fighter aircraft 
and secondly with victories in the Schneider 
Trophy contests. Someone remarked that 
the changeover from aircraft to reactor 
engineering must have created a few stresses 
that would take a long time to anneal. 
“1 don’t think so,” said the young guide, 
“1 was on aircraft design, but I’m now 
quite happy doing nuclear research. Many 
of the problems are similar and if you've 
the ingenuity to solve one kind, you can 
probably have a good crack at the other.” 

We had to be quick on our feet if we were 
to get anywhere nowadays: appreciate the 
situation and take the necessary steps—at the 
double. No doubt we should shed our 
Victorian disguise of solid solemn ponderous 
probity and return to Drake and his nippy 
little ships. 

The guide was peering at a bell jar sealed 
with pitch from which a number of wires 
emerged. ‘“* We're having trouble with this 
one,” he said; “it’s not quite what we've 
been used to. Still, we'll beat it in the end.” 
Someone asked him how he’d managed to 
get the hang of nuclear work as quickly as 
he had. ‘It meant a lot of private reading, 
but it was all new and interesting. Wl 
probably be doing a course at Harwell next 
year.” 

That was the way: find out what the 
new job was and master it. It wasn’t 
difficult to imagine what it had involved 
““Glasstone and Edlund” for a start—all 
400 pages—then on to * Bonilla” with 850, 
and ever afterwards keeping in touch through 
current literature. It was certainly tough for 
someone who had spent years becoming a 
specialist in airframes or aerodynamics. 
Yet that was apparently the way it had to be. 

But how had it been with his company ? 
‘** Well of course we'd been geared to air- 
craft production and research, and there were 
naturally lots of problems. But the general 
manager is a very determined man; I think 
you've met him. You had the snags pretty 
well listed in that report you published earlier 


this year—quite a few of us read it, though 
I think you were rather pessimistic as to 
what could be done with specialist machines. 
And of course we built fighters, so we didn’t 
have all that surplus factory space you said 
would be expensive to heat and difficult to 
fill.’ (** Report of ENGINEERING Inquiry into 
the British Aircraft Industry.”’) 

Doubtless if you had the determination 
you could always find a way. Luckily we in 
Britain hadn’t yet created the relentless 
monster factory that had to build what it 
had been designed to build—in ever increasing 
numbers. That was our advantage: our 
grooves were not too deep. Mammals 
may yet emerge from a world of dinosaurs. 
Adapt or die. 

But how could a highly organised and 
specialised organism like an aircraft factory 
adapt itself? Better perhaps to abandon it, 
and start afresh somewhere else. Fighter 
swords into nuclear ploughshares: how was it 
done? ‘ Well,” said the guide, “ you had to 
make sure you picked the right field to move 
into. We did a terrific market study, sent 
out teclinical men to hundreds of establish- 
ments, first to find out what we should make, 
then to ascertain whether the chosen market 
could support our capacity. Take chemical 
milling: it was designed for cutting recesses 
in aircraft members to reduce weight, but 
it’s proved ideal for shaping the Magnox 
fuel cans used in current nuclear reactors, 
and with some other chemical agent it may 
be suitable for beryllium too. But there’s an 
even more fundamental reason: in aircraft 
you eliminate as much surplus material as 
possible to save weight—remember those 
scallops round the arrestor bulkhead. And 
in reactor work, you cut out excess material to 
minimise neutron absorption. What's more, 
those training reactors we're building now 
and the low-speed wind tunnels they have at 
universities are much alike in some respects, 
and cost about the same; while aircraft 
and reactor simulators have a lot in common.” 

Too easy it seemed; it was even true that 
the aircraft and nuclear industries had a 
common customer—the Government. It was 
all very well where things fell into place 
so simply; but what about other indus- 
tries—like cotton, for example. ‘ Funny 
you should say that,” remarked the guide. 
** Did you know that the first rubber press 
built for aircraft production was converted 
from a cotton baling press in Manchester.” 
We didn’t, but we had learnt that the 
aircraft industry had other solutions to 
its problems than cutting down on Christmas 
cards ! 
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Cover Picture.—Hand welding at the bottom outlet 
connection of an evaporator vessel, 9 ft 8 in 
in diameter and fabricated to Lloyds Class 1 
rules from \4 in thick steel. The main longitudinal 
and circumferential seams are butt welded auto- 


matically. (Nurnberg photograph for ENGINEERING) 


Plain Words 


1 sometimes wonder what will happen to 
me when I grow old. Mind you I’m pretty 
young at the moment and the thought seldom 
strikes me. But when it strikes it strikes 
hard. All those advertisements for top jobs 
addressed to youths between 30 and 35 can 
only mean three things. The able older 
men have already got top jobs and are 
sitting tight; they have lost their usefulness 
and are being retired at an early age; or 
they have been promoted to some super-top 
jobs we never hear about, and are the wise 
old men who are really running things 
behind the scenes. 

They certainly ought to be. At one time 
in our tribal patriarchal prehistory, or so 
I’m told, the old men were respected. They 
were regarded as the repository of wisdom 
and experience; and after all they led their 
people through some tougher times than 
ours. Nowadays we try to manage without 
this imponderable but priceless asset. 

True, we allow the more precocious of 
our elders to write their memoirs, but only, 
it seems, if they have retained the endearing 
impudence of small boys, combined with the 
not so endearing trait of telling on their 
playfellows. But the gentler, less conspicu- 
ous fruits of experience wither and decay. 

It's easy to see the reason. Wisdom 
cannot exist ina vacuum. You must have 
something to be wise about. Today things 
change so quickly that anyone who sits down 
to contemplate finds himself contemplating 
something that is already obsolete. The 
young men with their flexible, sometimes 
capricious minds can almost succeed in 
keeping up with the facts. But they, on the 
other hand, are ill-equipped to put them in 
perspective. Perhaps that is why we are 
breeding a race of sceptical shoulder- 
shrugging young men; their no-nonsense anti- 
bogus attitude is merely an uncomfortable 
pastiche of the wisdom they are called upon 
to Carry. 

I think it’s a pity. We are wasting one 
of our most valuable resources—the contem- 
plative understanding that comes with old 
age. I know there are some silly old fools 
about, but that should not blind us to what 
we are passing over. We should find some 
mechanism for making use of long experience 
and put our patriarchs to work. It’s not 
only the old who are affected; the young 
are sometimes apprehensive of their future 
too. Only last week a friend of mine was 
offered a new job with a nice title but not 
much scope. A cautious person, aware that 
the cards begin to fall less favourably after a 
certain age, might have decided to take it 
rather than chance his future with the 
growing company he believed in. Too 
old at 35 is a thought for even the very 
young to ponder. 

CAPRICORN 
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Sleepers on Feather Beds 


Ceilings on the borrowing powers of state utilities 
are rising rapidly. The ill-wind of mild economic 
recession is certainly blowing some good to coal, 
transport, electricity and gas. As a result of 
legislation to be put forward this session, bo. row- 
ir.g poweis will te increased to these industries 
by about £1,650 million. In particular the 
British Transport Commission is to receive an 
additional £600 million. 

The National Coal Board’s increased borrow- 
ing powers are to be somewhat different from 
the others in that they will apply only to the year 
ending 31 March, 1959. Advances are to be 
raised from £75 million to £130 million. The 
coal industry is still comfortably within its 
overall borrowing powers but needs accommo- 
dation to carry £57 million of unsold coal 
stocks. A bill which came before the House of 
Commons last week raises the British Transport 
Commission’s borrowing powers from £600 
million to £1,200 million. Under the bill, the 
BTC may borrow from the Ministry of Trans- 
port up to £400 million to meet revenue deficits 
compared with the present ceiling of £250 million. 
The extra £150 million is expected to keep the 
railways going until 1962. The original £250 
million was expected to do this, but will scarcely 
last through to the beginning of 1960. 

There is a suggestion from the Opposition 
benches that the railways should be granted a 
permanent subsidy, but almost certainly the 
Government will oppose such a step on the 
grounds that this would only lead to slacker 
financial operation if not wastefulness. A 
view that is held by some Government supporters, 
at least, is that the Commission should concen- 
trate on transport to the exclusion of such alien 
and costly interests as hotels, which, it is main- 
tained, might be better run by experienced 
commercial firms. 

Later this session, the electricity and gas 
industries will have legislation put forward to 
raise their borrowing powers by £1,000 million. 
Most of the increase will be wanted for nuclear 
power stations. These very considerable in- 
creases will ensure that the State industries 
maintain their already privileged positions at 
the head of the queue for available capital 
resources not only in the recession but in the 
days of recovery and boom which are expected 
in 1959 and 1960. The very heavy demands 
made on available capital resources by the 
public utilities in the 1940°’s and 1950's are 
going to be perpetuated into the 1960’s. Some 
of the capital will be consumed in high wages 
and low prices before the real assets are fully 
installed and can earn an income. Organised 
labour and the public as users of State utilities 
have decided that it is best to eat your cake 
before you buy it—<specially if you can pretend 
that someone else will pay. 


Just Managing 


** More work by fewer people with less paper 
in a shorter time and at less cost,” said Lord 
Verulam summing up the British Institute of 
Management’s Conference at Brighton, and there 
must be many who would agree with him on 
this ideal aim, although he was referring in parti- 
cular to the internal working of the BIM. 
During the two days there were 20 papers pre- 
sented and 25 discussion groups held, apart 
from the opening address by Sir Harold Howitt 
and the excellent summing up already mentioned. 

The subjects were wide as industry itself. 
Consumers, executives, inventories, wages, 
accounting, selling, training, and design in the 
home were all included. The last named subject 
(presented by Mr. Stephen Garrett, A.R.I.B.A.) 
proved so controversial that extra time had to be 
allowed for the discussion. For the rest the 
proceedings were orderly and followed the 


schedule—as one would expect with goog 
management. But keeping to time did not mean 
that the discussions were lacking in force, far 
from it, the comments were pertinent and sharp 
Lord Verulam said that he had made it his 
business to visit each session, if only for a few 
minutes, so as to gain an overall idea of what was 
in the wind. He said that he met with four 
recurring themes: computers; that too much 
paper work was bad management; inventory 
control; and the late Mr. Ernest Bevin. 

Sir Harold’s, opening paper formed the back. 
drop for the conference, outlining as it did the 
economy as a whole. Sir Harold said that the 
inflation of today was a different thing from any 
before but could nonetheless be met. For 50 
years prior to 1914 prices had remained virtually 
unchanged; by 1919 they had doubled, and 1958 
figures were four times greater again. As q 
whole the picture that he drew was a cheerful 
one. A member of the recent Cohen Committee 
on Productivity, Prices, and Incomes, Sir Harold 
should be in a position to know something of the 
present conditions. 

Lord Verulam quoted several points from other 
papers. The growth of the teenage consumer, 
almost non-existent before the First World War, 
was one. They now represented a spending 
power of about £17 million per week and Mr. 
Mark Abrams, in his paper, gave analyses of 
how the five million of them spent their money, 
Their rate of earning had increased at twice that 
of adults. Sir John Elliot had said that indecision 
was One example of bad management and Mr, 
S. C. Hills that Britain could not afford American- 
sized strikes. Bevin had taught “ reason first, 
bash afterwards,” but how could this be encour- 
aged by the action of the Government in discon- 
tinuing the appeals tribunal? Reason, not Pank- 
hurst, was also the approach of Dame Evelyn 
Sharp, considering the position of women in the 
community. The Victorian myths about the 
inferiority of women’s brains died hard, but the 
last war had swept most of them away. ‘Careers 
for our Daughters *’ formed the subject of Miss 
L. E. Charlesworth’s address, so the BIM cannot 
be accused of turning a blind eye to the part 
women will be playing in the economy of the 
future. 


British Reactor Family Growing Up 


Doubts about the suitability of British reactors 
for sale abroad were attacked by Sir William 
Cook in a recent talk to the European Atlantic 
Group. Sir William, who is Member for 
Engineering and Production of the United 
Kingdom Atomic Energy Authority, said that 
Britain’s nuckar p.ogcmme_ was_ soundly 
planncd. The main diffirence between nuc- 
lear power stations and those run_ on 
coal or oil is the higher capital cost. The 
next step for Britain is to bring down capital 
costs so that from 1966 onwards they will be 
competitive at lower load factors. With this in 
view a prototype Advanced Gas-Cooled Reactor 
(AGR) is being built. Capital costs as much as 
20 per cent below present levels will be attained 
by high fuel ratings and temperatures. This 
involves enriching the fuel with uranium 235, 
which is expensive. This increase is offset, 
however, by the longer life of the fucl element. 
As this use of uranium 235 will be taking place 
at the time when the first generating stations are 
producing large quantities of plutonium, the 
UKAEA is putting a great deal of development 
energy into the problem of substituting plutonium 
for uranium235. Sir William described the 
advanced gas-cooled reactor as the “ largest 
step ’ that can be taken “ with full confidence ” 
yet. The next stage beyond this is the High 
Temperature Gas-Cooled Reactor (HTGC). 
This is the subject of the proposed OEEC joint 
development project which will probably be 
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carried out at Winfrith Heath, and is already 
the subject of a zero-energy reactor experiment 
there. ‘ 

Beyond this family of gas-cooled reactors the 
objective for the 1970's is to build fast breeder 
reactor power stations. It is hoped these will 
follow from the fast reactor experiment at 
Dounreay. The logic of the British programme 
is that it moves on from gas-cooled reactors for 
base load only, to cheaper reactors of the same 
family using plutonium for enrichment, and then 
the still cheaper fast breeder reactor. 

In all this the only parts of British power 
reactors not made by industrial firms are the fuel 
elements which are manufactured by the Atomic 
Energy Authority. As it takes ten years to 
develop a new reactor system, many foreign 
types that are described as promising are still 
at the stage of the feasibility study. Beyond 
that lie 1,000 to 2,000 man years of professional 
scientific and engineering effort and the spending 
of at least £20 million. 

Britain, the first country to put an industrial 
scale power reactor into operation and the 
first to sell a large-scale nuclear power station 
in Europe, has a big lead in experience and 
know-how in dealing with foreign buyers. In 
short. Britain’s reactor family is growing up 
according to plan. 


Prolific Glasgow 


The issue by the Scotsman recently of a special 
supplement called Let Glasgow Flourish is a 
timely reminder of the powerful engineering 
tradition on Clydeside and the chronic problem 
of adjustment to changing economic circum- 
stances which Glasgow has faced since the early 
years of the 18th Century. The supplement itself 
is a generous tribute to the size, wealth, diversity 
and multiplicity of contradictions of the largest 
city in Scotland. 

Glasgow epitomises the problem of diversity 

and adjustment to change which has been a 
problem for the country as a whole. Scotland 
in the last two hundred years has had and lost 
a firm position in the West Indian sugar trade, 
the tobacco trade and cotton textiles. In each 
instance Glasgow was at the centre of the 
development. Starting a hundred and fifty years 
ago Scotland, and especially Glasgow, built up a 
major engineering industry notably on the marine 
side, and paid the price for over specialisation in 
the 1920’s and 1930’s. Glasgow’s inter-related 
problems of overcrowding, attracting new indus- 
tries and preventing the old-established engineer- 
ing trades from shrinking under the pressure of 
world competition, have once again assumed 
national importance, as Scotland shares the worst 
unemployment experience of the current mild 
recession with Northern Ireland and South 
Wales—as it did nearly 30 years ago. 
_ Glasgow’s economic problems are not all of 
its own making by any means. It has enjoyed 
the advantages and limitations of limited supplies 
of local iron ore and coal, as well as the nearness 
of the Clyde. It has had useful reinforcements 
in the way of lighter engineering industries with 
a strong American inspiration. It still has to 
fight, however, an innate conservatism in tech- 
nology and management, a reluctance to sell its 
products aggressively and an unwillingness to 
risk its capital in new ventures. 


For the Small Investor 


In his paper to the BIM’s annual conference 
Mr. J. B. Kinross deplored the lack of 
progress which has been made towards Sir 
Anthony Eden’s * property-owning democracy.” 
However, quoting Sir Toby Low’s excellent 
paper “ Every man a Capitalist,” Mr. Kinross 
expressed hope “for more progress ere long.” 
He went on to explain that today the most 
effective investment enabling the small saver to 
invest directly in British industrial equities is the 
Unit Trust. The sale of “ Scotbits ” over the 


counters of Scottish banks was described as“ a 
Most significant development of great promise ”’ 


and Mr. Kinross expressed the hope that it 
would not be long before unit trusts are sold 
freely across the counters of every bank in the 
United Kingdom. He also commented that 
investment clubs, now rapidly gaining ground in 
the United States, could perform a most useful 
service to the small investor. Clearly, there does 
not exist at present the necessary machinery to 
channel the small saver’s money into industry or 
to guide him into safe and worthwhile invest- 
ments. 

The announcement by Philip Hill Higginson 
and Company, the large merchant bankers, that 
they have launched a new unit trust—British 
Shareholders Trust—came therefore as no 
surprise. Initially the trustees will play safe 
and invest the funds in gilt-edged stocks and in 
the ordinary shares of 50 to 60 leading British 
industrial companies. The initial offer of 
5 million units at a net price of 10s a unit is 
probably the largest block offer of its kind ever 
to have been made in this country, and yet 
was immediatly taken up. The mana- 
gers have made arrangements with United 
Dominion Trust for units to be paid for by instal- 
ments of 12, 18 or 24 months on a minimum 
initial deposit of 25 per cent. 

The new trust is the first of three known to be 
under consideration in the City (associated with 
the names of N. M. Rothschild and Robert 
Fleming). The Philip Hill trust is led by an 
investment council of four men “ of high stand- 
ing and of great experience in financial affairs.” 
Heavily advertised, the trust is in the words of 
Mr. Kenneth Keith, managing director of Philip 
Hill Higginson, “‘a straightforward endeavour 
to sell high-grade British securities to the man 
in the street.” 


More Scientists and Engineers 


The annual report for 1957-58 of the Advisory 
Council on Scientific Policy has been published. 
It covers the financing of scientific research in 
British universities, scientific manpower, scien- 
tific and technical literature and overseas 
scientific relations. The Council favours reten- 
tion of the existing alternative sources of finance, 
which include the general purpose funds of the 
universities, the research councils and the Royal 
Society and other bodies such as Government 
departments, charitable foundations and indus- 
try. Their reason for this recommendation is 
that if there were a single source of finance, 
newly emerging subjects and development of 
research under the stimulus of an exceptional 
man might fail to receive sufficient support. 

The report contains an encouraging review of 
the progress made with the task of increasing 
the supply of scientists and engineers. In 1957 
the total number of scientists and engineers who 
qualified (either as university graduates or as 
members of professional institutions) is estimated 
at about 13,000 compared with 11,000 in 1955. 
If the expansion plans already drawn up for 
universities and technical colleges are fulfilled, 
they will together be providing some 22,500 
scientists and engineers a year by 1970, which 
would exceed by a small margin the target set 
by the Committee on Scientific Manpower in 
1956. 

The Council points out, however, that the 
main problem is likely to be the supply of 
teachers. Most secondary schools are already 
short of graduate teachers of science and mathe- 
matics and the position seems likely to grow 
worse. Moreover, the Council does not consider 
that recent measures to improve the supply of 
teachers will meet the immediate need. It hopes 
that the task of teachers will be eased by the 
provision of more accommodation and_ the 
modernisation of laboratories and equipment as 
rapidly as schemes can be approved. In Human 
Ekment (p.g: 76.) mention is made of the 
White Pape. on school buildi:.g. Doub kcss it 
is necessa.y to have enough 100m to s-at the 
children, but would not at least sone of the 
mocy b2 better spent in attrac.ing co.npetent 
teachers? 
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Letters to the Editor 


INFORMATION RETRIEVAL 


Sir, At the International Conference on Scien- 
tific Information at Washington last month, it 
was abundantly clear that, whereas computers 
and other machines were available or could 
potentially be designed to perform complicated 
tasks at enormous speed, the basic problem of 
organising or analysing information, especially 
scientific information, into a form suitable for 
retrieval by such machines was being examined 
only sporadically, or for rather special conditions 
(such as the US Patent Office work on steroids). 
This lack of attention to the analytical problem 
was also evident at the NPL symposium on 
“The Mechanisation of Thought Processes.” 
Both conferences have recently been reviewed in 
your journal. 

The importance of solving the problems of 
information retrieval is now fully recognised. 
The solution cannot, however, be provided by 
the machine alone. The machine has the 
following advantages and capacities as regards 
information retrieval: (1) speed and the capacity 
of handling very large records; (2) recognition 
of any desired items or parts in any positions 
in complex structures, e.g. elements or groups 
in organic compounds (assuming suitable coding 
of the structures); (3) recognition of correlations 
between characteristics in a large amount of 
stored information. It cannot, however, inject 
meaning into any selected group of concepts 
recorded without indication of the relations 
between those concepts. Means have not yet 
been adequately devised for obviating the need 
of the machine to search the whole of a given 
set of recorded items; with an ordinary card 
index in some classified order, and suitable guide 
cards) a person can very rapidly, by visual 
inspection, find the approximate required position 
of a subject in a given part of a given drawer. 
With an appropriate classification, an inquirer 
can “ browse” among subjects closely related 
to that initially sought; it will no doubt be 
possible to devise a machine which can browse, 
but this will be dependent upon the classification 
or indexing programmed into the machine. 


Continued on next page 





As You Were 


The lunar probe launched on 6 December by 
the United States Army failed to achieve its 
necessary terminal velocity and fell back to 
earth. It is reported that owing to faulty 
adjustment of a fucl valve in the first stage, the 
liquid fuel burned out about 4 seconds too 
early, yielding a trajectory that was 3-5° too low 
and about 400 metres per second too slow. 
The result was that Pioneer III fell short by 
154,000 miles of its lunar target and by many 
millions of miles of its alternative target—a solar 
orbit. The three stages of solid rockets functioned 
correctly. 

The instruments carried by the probe are said 
to have weighed about 13 Ib and to have included 
a radio transmitter, two radiation counters, and 
a light-sensitive device. Even though the probe 
fell short, these instruments have still sent 
valuable information about conditions in outer 
space. It was unfortunate, however, that the 
radio telescope at Jodrell Bank was unable to 
track the probe because of failure of the hastily 
installed equipment, this being called for owing 
to the higher frequency used by the Army probe 
(about 900 Mc/s). 

The performance of the Juno booster rocket 
can be compared with its predecessor, the 
Jupitcr C used sucessfully to launch the first 
Unites States satellite. On that occasion cut-off 
of the first stage occurred 157 seconds after 
launching—two seconds later than expected. 
Correction could be applied, however, to the 
other stages and the final angular error of the 
satellite trajectory was 0°81°. 
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Continuing 
Letters to the Editor 


The problems of information retrieval are 
thus still centred on the analysis of information; 
this is the task of classification or subject indexing. 
Library types of classification (e.g. the Universal 
Decimal Classification) have so far proved 
unsuitable because they were not designed to 
deal with the degree of detail or complexity now 
required in science, and because they were 
designed for book or document retrieval rather 
than for information retrieva’. The machine 
makers have perhaps neglected the problems 
because business applications have proved more 
profitable, but the scientific field is still financially 
very restricted. Appeal is sometimes hopefully 
but vaguely made to linguistics, semantics, 
logic or matrix algebra, etc., to pull the rabbit 
out of the hat, but little or no clear lines of 
research have emerged. The essential problem 
is still that of the nature and structure of informa- 
tion. Unless efforts are centred on this task, 
the flood of information may grow beyond 
retrieval. 

Yours faithfully, 
J. FARRADANE 
** Torran,” 
Crofton Road, 
Orpington, 
Kent. 
7 December, 1958. 


BRITISH ALUMINIUM SPEAKS 


Now that the details of Alcoa’s bid for the British 
Aluminium Company’s 4,500,000 unissued shares 
have been made public, the controversy over the 
rival bid by Tube Investments and Reynolds 
Metals has reached a new phase. The original 
position was outlined in Companies in the 
News last week. The Aluminium Company of 
America have agreed to buy the shares for 
£13,500,000, at 60s a share; one-third of the 
sum is to be provided initially and the remainder 
at the British company’s request but not later 
than the end of 1961. If the contract goes 
through, Alcoa have undertaken not to use more 
than one-third of the total voting power of the 
ordinary capital, and in the event of a further 
acquisition of shares by Alcoa the additional 
voting power would be cast only in favour of 
British Aluminium’s board. 

Comparing the Alcoa proposal with the offer 
of £35 million shares and cash by Tl-Reynolds, 
Lord Portal, chairman of British Aluminium, 
spoke as follows. 

**I cannot too strongly emphasise the difference 
between the arrangements with Alcoa and _ the 
Reynolds-Tube Investments proposals. The two 
plans are in no sense comparable. One is a business 
transaction designed to bring into being a partnership 
and introducing, as the first fruits cf that partnership, 
large fresh funds to your company on favourable 
terms and in the flexible manner in which it would 
like to acquire them. 

‘The other is a take-over bid by third parties 
who have realised for some time that the gap between 
your company’s present earning capacity and that 
which it will have when its potential earnings have 
materialised, might enable them to acquire a powerful 
empire for the price of a small kingdom.” 

A letter to the company’s shareholders states 
that £10 million of the group’s £37 million assets 
are at present unremunerative. Most of the 
£10 million is invested in Canadian British 
Aluminium’s smelter at Baie Comeau. Moreover, 
ingot production, which reached 37,400 tons last 
year, is estimated at 72,800 tons for 1958 and 
about 118,000 tons for 1959. Lord Portal gave 
as his opinion that the going-concern value of the 
shares was about of the order of £6. The 
current market price is 71s 6d against a lowest 
value of 37s earlier this year. The Tube Invest- 
ments offer is worth 78s a share. Tube Invest- 
ments are said to be already in possession of some 
900,000 shares. The Government have not yet 
given their decision as to whether the Alcoa con- 
tract will be sanctioned by the Treasury, and so 
far no meeting of shareholders has been called 
by the British Aluminium board. 
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LIFTING TABLE 


A hydraulically operated lifting table for feeding 
materials to production machines has _ been 
developed by Access Equipment Limited, May- 
lands Avenue, Hemel Hempstead, Hertfordshire, 
and is shown in the accompanying illustration. 
The “ Bicep” is made in 11 different models 
with capacities from 10 cwt to 3 tons and plat- 
form sizes from 4ft 8in by 2ft 8in up to 
8ft 3in by 4ft; lifts are available up to 
3 ft 3 in. 

The power unit, consisting of an electric 
motor and the hydraulic components, is built 
into the base and is controlled by hand or foot 
switch. The table can be raised to any height 
within the limits of the stroke. The lifter can 
be provided with roller tops and other attach- 
ments, and special models can be made with 
capacities up to 10 tons. 





The Bicep lifter is hydraulically operated. 


WIRE ROPE PARTING 





A smaller version of their wire-rope parting 
machine is now being produced by the Metro- 
politan-Vickers Electrical Company Limited, 
Trafford Park, Manchester. 

The machine is suitable for a range of steel 
ropes from 7 in to % in diameter ({ in to 1} in 
circumference) and is suitable for operation on 
346-380 or 400-440 V supplies. It operates in 
exactly the same way as the earlier machine of 
larger capacity; that is, a heavy current is 
passed through the wire rope, which is clamped 
in the machine. This current heats and softens 
a short length of the rope, allowing it to be 
twisted to tighten the lay, and then stretched by 
the application of tension. A reduction in area 
occurs at the hottest point midway between 
the clamps, and the rope finally fuses at this point, 
leaving ends which are safe to handle, and have 
no sharp wires protruding. The clamps are 
slotted to allow the ropes to be dropped in for 
cutting at any point in the length. 


This new version of the Metro-Vick wire-rope parting machine 
is capable of dealing with ropes from 5 in to ~ in diameter. 


CLASS H TRANSFORMER 


The illustration shows a Metropolitan-Vickers 
300-kVA nitrogen-filled class H insulated mining 
transformer. Core and windings are partially 
withdrawn, showing the internal construction 
and the protective current transformer, which 
also has class H_ insulation. The air-filled 
chambers on the left, shown with covers removed, 
are of flameproof construction as laid down in 
BS229, but not certified. They house the high- 
voltage tapping terminals and links, the neutral 
link and fuses and the low-voltage line terminals. 

The other end of the tank (not visible in the 
illustration) is attached to the end frames of the 
core and windings before tanking, then both 
ends are welded to the tank after the core and 
windings have been fully inserted. Two further 
rollers are then mounted on the other end, where 
another air-filled chamber of flameproof con- 
struction houses the pressure switch, the earth 
leakage test switch terminals and the high voltage 
line terminals. The cooling tubes are fitted 
internally in order to prevent accidental damage. 





Class H installation allows 
the transformer to be made 
lighter as it can operate 
at a higher temperature. 
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THREE MODERNISATION 


Steam locomotion will have largely disappeared from main line services by 1961. By 


1968 25kV AC electrification will be through on many major routes. 


This should 


be speeded up by the increase in borrowing powers to be granted to the Commission. 


In the intervening period diesel and diesel-electric locomotives will be used. 


In the 


following pages are described two mixed-traffic diesel-electrics and a prototype for the 
AC locomotives which will come into service on the Manchester-Crewe line by 1960. 


Midland Diesels 


On 13 November last a demonstration run was 
made between St. Pancras and St. Albans by 
No. 5703, one of the 20 Co-Bo diesel-electric 
locomotives being supplied to British Railways 
by the Metropolitan-Vickers Electrical Company 
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Limited. The outward journey was made in 
22 minutes and the return in 20} minutes. These 
mixed traffic locomotives have a governed top 
speed of 75 m.p.h. On this occasion the train 
load was about 250 tons. 

Classed as type 2, the locomotives have a 
working-order weight of 97 tons which is 
divided almost exactly equally over the five 
axles. They are powered by Crossley HST V8 
engines developing 1,200 h.p. at 625 r.p.m., 
continuous rating. The maximum tractive effort 
at the rail is 50,000 lb on starting, with a con- 
tinuous maximum of 25,000Ib at 13-5 m.p.h. 
As already stated their maximum service speed 
is 75 m.p.h. 

The eight cylinder two-stroke engine has a bore 
and stroke of 10-5 in and 13 in respectively. It 
uses port-controlled loop scavenging with the 
feature known as exhaust pulse pressure charging. 
Contrary to other versions of this model, elec- 
trically driven water pumps are used. The main 
generator is rated at 750 volts 1,070 amperes at 
625 r.p.m. (or 475V 1,650A at the same speed) 
and supplies the five traction motors which are 
permanently connected in parallel. The com- 
plete engine-generator set is resiliently mounted 
at three points on rubber sandwiches of the 
Dyna-Focal type. The counter compounded 
series winding is also used to motor the engine for 
starting. An auxiliary generator rated at 110V 
at 62 kW supplies all the auxiliary equipment 
is well as the main generator excitation. The 
inotors are nose-suspended axle-hung machines 
and drive through single reduction spur tooth 
gears with a ratio of 15 to 67. The gear wheel 
has torsional resilience between its hub and rim. 


for the Midland Co-Bo 


Forced ventilation allows the motors a rating of 
180 h.p. at 510 r.p.m. 

The master controller covers both direction 
and speed; it is interlocked with a key. removable 
only in the off position. The selector handle 


(Right) The first of 20, 
diesel electric Co-Bo 
1,200 h.p. locomotives 
for mixed traffic on 
the Midland Region. 


(Left) Performance curves 


diesel-electric: five motors 
connected in parallel, 420 
ton train, 


engine only; 
The power wheel has ten steps 
providing increments of power up to the maxi- 


has four positions: forward; off; 


and reverse. 


mum of 1,200 h.p. In notches | and 2 the engine 
runs at its idling speed and the main generator is 
excited by the two stages of field strength. From 
notch 3 onwards (corresponding to about 25 per 
cent of traction horse power) and engine speed 
and b.m.e.p. are set to give increments of power 
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LOCOMOTIVES 


so that the engine shall continue to operate at 
optimum conditions. Thereafter a servo gover- 
nor mechanism adjusts the generator secondary 
field excitation to its limit and then weakens the 
fields of the traction motors in two stages, as the 
speed rises. The sequence of operations is 
reversed when the speed falls. A current limiting 
relay is used to control the starting of the traction 
motors, a number of steps being provided so as 
to be able to limit wheel slip. Provision is made 
for running units in tandem and for fitting ATC. 
A Spanner oil-fired boiler provides train heating. 

The locomotives measure 56 ft 74 in over the 
buffers and the wheel base is 42ft 7in. The 
distance between pivot centres is 32ft 4 in. 
Overall width is 9 ft 2} in and the overall height 
is 12ft 8}in. They are designed to run on 
curves of minimum radius of 3} chains. The 
styling of the exterior has been carried out by 





Mr. Jack Howe, F.R.1.B.A., working in associa- 
tion with Mr. Christian Barman, R.D.1., of the 
British Transport design panel. The locomotives 
will operate over the Midland Division on both 
passenger and freight services, running from 
St. Pancras to the Midlands and North. They 
are the highest powered locomotives yet sup- 
plied to the London Midland Region under the 
modernisation plan. 


Great Northern Diesels 


Opportunity was given recently to the Press to 
inspect one of the 20 diesel-electric locomotives 
eg made for the Great Northern division of 
the Eastern Region of British Railways. These 
locomotives are being built by the Birmingham 
Railway Carriage and Wagon Company Limited, 
to a British Railways specification. They will 
be mainly used for suburban services from 
Kings Cross. 

Power comes from a 6LDA28 Sulzer engine 
built by Vickers-Armstrongs, at Barrow. The six 


Twenty 2-type 1,160 h.p. 
locomotives like this are 
being supplied to the 


Great Northern division. 


cylinders are 280mm bore by 360 mm stroke 
and are pressure charged to give 1,160h.p. at 
750 r.p.m. The engines are direct coupled to 
Crompton-Parkinson generators of the 10 pole 
single bearing type and these drive the four 
force-cooled traction motors. The maximum 
tractive effort is 42000 1b, falling to the con- 
tinuous rating of 30,000 Ib at Il m.p.h. The 
maximum service speed is 75 m.p.h. The Bo-Bo 


wheel arrangement is employed giving an axle 
load of 19} tons for a working order weight of 
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77 tons. Length over buffers is 50 ft 9 in and 
distance between bogie centres 29 ft. A tractive 
effort curve is given on this page. 

The main generator has the auxiliary generator 
built almost completely within it, there being 
only a very small projection. To enable the 
brush gear to be reached for servicing, the 
design has a toothed ring on which the gear is 
mounted and which can be rotated by hand to 
bring the brushes within reach inside the loco- 
motive. 

This type 2 locomotive has four traction motors 
connected permanently in parallel across the 
main generator. Should any motor become 
faulty it can be isolated on both positive and 
negative sides. The four motors are switched 
on and off by a common cam contactor group, 
electro-pneumatically operated from the driver’s 
controller. A fifth element on the cam group 
is in the circuit of the separately excited field of 
the main generator. All five elements open 
and close together. 

Each motor is protected by its own overload 
relay. A fault upon any motor will trip that 
relay, de-energising the power control relay which 
in turn will de-energise the operating coil of the 
cam group, cutting off power completely, and 
at the same time reducing the engine speed to 
idling. To restore power the driver must 
return the power handle of the controller to the 
Off position. The driver is given an indica- 
tion that an overload has occurred by the 
“fault light”? in the cab changing from dim 
to bright. 

Up to the position of the power handle 


representing approximately half power, the 
equipment runs as a completely insulated 
system. Beyond this position of the controller, 
the negative side of the power circuits is earthed 
through the coil of the earth fault relay so that 
any earth failure on the positive side of the 
generator or traction motors will trip the relay; 
this, like the overload relays, removes power 
and reduces the engine speed to idling. If the 
earth fault is not self-clearing the driver must 
drop back to below half power until such time 
as the earth fault can be located and rectified. 
Reversing is carried out on the motor fields by 
an electro-pneumatic drum-type reverser common 
to all four motors. 

Locomotive speed is controlled through the 
power handle of the master controller. This 
handle regulates the air pressure in the engine 
control train line air pipe from which is fed the 
diesel engine pneumatic speed regulator and 
governor. Movement of the handle from 
off to full increases the air pressure in train 
line air pipe and with it the engine speed. 

An engine automatic load regulator is pro- 
vided in the separately excited generator field 
circuit. The function of the regulator is to 
adjust the output of the generator to match 
the load called for by the power handle of the 
master controller and thereby prevent over- 
loading of the engine. The load regulator is 
activated by the governor. When gradient and 
load conditions permit the speed to rise suffi- 
ciently, the traction motor fields are automatically 
weakened by diverting current through resist- 
ances. This is done in five steps each of which 
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Performance curve of 1,160 h.p. type 2 locomotive, 


can be regarded as analogous to a gear change. 
The three cam groups which provide these five 
steps are electro-pneumatic in operation under 
the control of a pilot motor. The whole of the 
control gear was supplied by Allen West and 
Company Limited, Brighton 7. 


Prototype 25kV AC Locomotive on Midland Region 


Locomotive No. E1000 is the first 50 cycle a.c. 
locomotive to run in the United Kingdom, and 
is also the first traction unit to work on British 
Railways’ new 25 kV electrification system. As 
was reported last week, it has been produced to 
the order of British Railways by converting 
Locomotive No. 18100 (which ran on the Western 
Region as an experimental gas-turbine loco- 
motive*). Metropolitan-Vickers, who built the 
original gas-turbine locomotive, have carried out 
this conversion at their Stockton Works of 
Beyer, Peacock Limited. 

British Railways will use E1000 for the 
advanced training of the drivers of the 100 
Bo-Bo a.c. locomotives now being built and 
for testing out the first section (Slade Lane to 
Styal and Wilmslow) of the new 25 kV system 
on the Midland Region from Euston to Man- 
chester and Liverpool. Both passenger and 
goods trains will be tested. 


* The experimental gas-turbine locomotive, No. 
18100, was very fully described in ENGNG. for 8 Feb 
1952, page 161, and 15 Feb 1952, page 193 (vol. 173). 





To effect the conversion, considerable modi- 
fications to the original locomotive were involved, 
the chief being: 

(1) Removal of the turbine and generators 
with their air filter units, fuel tanks and control 
gear. 

(2) Lowering of the roof of the gas-turbine 
compartment, to accommodate the pantograph 
and circuit-breaker within the loading gauge. 

(3) Reduction of the buffer size and modi- 
fication of the bogie springs to comply with the 
loading gauge. 

(4) Conversion of the driving cabs to left-hand 
driving, from the right-hand arrangement of the 
Western Region. (Cabs on the locomotives now 
being built, however, will be roomier.) Davis 
and Metcalfe brake valves, a deadman feature 
and automatic train control have also been fitted. 

It was possible, however, to retain four of the 
six traction motors and their blowers, exhausters, 
main compressor, radiator with cooling fan, 
the battery and the battery-manoeuvring feature 
of the original locomotive. 

New equipment instal- 
led included: the panto- 
graph voltage _ trans- 
former (22-5 kV/360 V 
50 c/s), air-blast circuit- 
breaker, main and 
auxiliary transformers, 
main and auxiliary 
rectifiers, smoothing 
chokes, a.c. auxiliary fan 
motors. This new equip- 
ment, with the excep- 
tions given below, is 
of Metropolitan-Vickers 


The first 50 cycle single- 
phase locomotive to run 
on British Railways. It 
is a prototype of the 
locomotives for the 25 kV 
electrified main lines. 


manufacture. British Railways provided the 
Stone-Faiveley pantograph and the Brown 
Boveri air-blast circuit-breaker; the main rectifier 
is of the Hackbridge and Hewittic glass-bulb type. 

The mechanical parts remain basically un- 
changed, comprising a structure carried on two 
fabricated bogies by swing links attached by 
rubber-resilient universal joints. Of the three 
axles in each bogie, two are driven by axle- 
mounted traction motors. 

The four traction motors, type NV271, are 
separately ventilated four-pole series and inter- 
pole machines, rated at: continuous—525 amps 
at 1,000 volts, and one hour—620 amps at 
1,000 volts. 

The leading particulars are: 


Wheel arrangement .. A1A—AIA 
Continuous rating .. 2,500 h.p. 
Weight (working order) 105 tons 
Maximum service speed 90 m.p.h. 
Tractive effort (maximum) 40,000 Ib. 
Tractive effort (continuous) 18,500 Ib. 


Length over buffers is .. 67 ft 

Wheel diameter i .. 44in 

The layout of the new equipment permits easy 
access from both driving cabs, and free passage 
between the cabs. The transformer is located 
about the middle of the body, with the main 
rectifier between it and one cab, and the trans- 
former cooler and chokes between it and the 
other cab. 

Some conventional traction equipment was 
retained from the original locomotive, and the 
following is concerned only with new equipment. 
The principal components, except the traction 
motors and rectifier, are identical with those 
being made by Metropolitan-Vickers for the 
similar Bo-Bo locomotives they are building for 
the Midland Region. They are: 


Main Transformers.—These comprise two _ trans- 
formers in one tank—an auto transformer with 
38 taps to feed a step-down transformer, which in 
turn supplies the main rectifiers. The auto winding 
is tapped at 800 volts to provide train heating and 
at 240 volts to supply the auxiliary motors and 
transformer. The HT tap-changing unit and contro! 
gear are built on to the side of the transformer tank, 
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AUTOMATIC GAUGING OF BEARING RACES 


Fully automatic gauging of tapered roller bearing outer races is carried out by the air gauging 







machine made by Teddington Industrial Equipment Limited, Sunbury-on-Thames. 


The gauge 


inspects, in one operation, upper and lower inside diameter and taper, upper and lower outside 


diameter and taper, and width. 


” 


three “ re-working 


troller. 


the gauging position. 


the appropriate gate. 


Seven gauging operations are carried out automatically on this Teddington machine. 


INDICATING TELEPHONE CHARGES TO SUBSCRIBERS 





The lever on the front of 
the call charge indicator is 
used to reset the red 
pointer that indicates the 
charge for individual calls. 


A call charge indicator for telephone subscribers’ 
use is produced by Ferranti Limited, Hollin- 
wood, Manchester. It is intended for use 
on instruments connected to the new Bristol 
subscriber trunk dialling exchange—opened 
by the Queen last Fiiday—and indicates the 
amount spent on calls in units of cost, the 
present unit being valued at 2d. By means of 
a red “* fly-back ’’ pointer, which can be reset 
by depressing a lever mounted across the front 
of the indicator, the cost of individual calls can 
be checked. The complete indicator is not an 
essential part of the new telephone system but is 
intended purely for subscribers’ information. 
It can be added for a small additional rental. 
Basically, the indicator is a simple pulse- 
counter of a type in which a central armature is 
attracted to field coils when a small pulse of 
current passes through them. The counter is 
linked to the armature through a ratchet wheel 
and pawl so that the units figure is moved forward 


According to the gauge readings the components are sorted 
automatically into six different classes, comprising two acceptable grades, 
classifications, and scrap. Interchangeable gauging 
heads are provided to suit different sizes of bearing. 

In operation the bearing races are fed by gravity to the machine and 
the gauging operations are carried out automatically by a sequence con- 
A horizontal pneumatic ram positions a race in a gauging 
block which houses the nozzles for o.d. and width measurements. 
the race is in this position a vertical pneumatic ram pushes a taper plug 
into the bore for i.d. measurements. 
pressure-sensitive relays operated by the various gauging pressures set, 
by means of electric switches, the appropriate sorting gate. 
then retract, and the cycle begins again when the next race is pushed into 
As it moves in it pushes the gauged race to the 
segregator, a short length of continuously running belt. 
ponent is fully acceptable it passes right through to the end of the 
segregator; material falling into any other classification is diverted by 


While 
Gauging then takes place, and 


Both rams 


If the com- 


The gauging machine has an inspection rate of 600 pieces an hour, for 


the particular installation, but it can operate at 
more than twice this speed if required. 


one step each time that the coil circuit is com- 
pleted. The pulse counter acts as a slave to the 
exchange counter, the pulses being fed along the 
telephone wires on a 50 c/s carrier. 

The main development problem was to obtain 
sufficient sensitivity for satisfactory operation 
with a current of 0-6 mA when working at the 
normal voltage of 45 V. This restriction arises 
because the pulse fed along the speech wires 
during the course of the conversation must be 
small enough not to interfere with the speech. 
An additional complication is the fact that an 
indicator must not record the impulses uscd for 
ringing the telephone bell. As ringing pulses 
are normally of 125 V at 25 c/s, these are rejected 
by tuning the indicator to 50 c/s by means of an 
inductance coil and two condensers in parallel. 

In common with all measuring devices intended 
for use by the public, the indicator has to be 
safeguarded against deliberate falsification of 
the recorded cost. This is accomplished by 
introducing a clutch in the drive to the fly-back 
counter, the clutch being disengaged just before 
the reset lever releases the spring that operates 
the heart-shaped resetting cam. 





Concluding Three Modernisation Locomotives 


the tap changer being immersed in oil to reduce the 
clearances required. 

A voltage change-over switch has been fitted to 
alter the supply tapping on the auto transformer to 
correspond with the main incoming voltage at 
either 25kV or 6:25kV. The change-over switch 
is controlled by an automatic power control (APC) 
system which consists of a track magnet, a receiver 
on the bogie of the locomotive and a line-voltage 
transformer feeding voltage selecting relays. 

Rectifier Units.—The Hackbridge and Hewittic 
mercury are rectifiers consist of 16 four-anode glass 
bulbs connected in bi-phase to provide the supply to 
the traction motors, the normal load being dis- 
tributed between the bulbs by anode compensators. 
d.c. excitation is used because of greater stability 
with the voltage variation experienced in traction. 
The continuous rating of the rectifier is 2,800 amps 
at 975 V and each bulb is cooled by a fan which blows 
1,200 cu. ft per min. The complete rectifier unit is 
enclosed in a compartment which can be heated in 
cold weather by electric heaters and ventilated by a 
30 in Keith Blackman fan drawing air through the 
side of the locomotive at 10,000 cu. ft per min. 

Smoothing Chokes.—A smoothing choke is connected 
Setween each traction motor and the main rectifier 


to limit the ripple current delivered to the motor. 
These chokes are of the iron-cored type, insulated 
with class-H insulation and air-blast cooled. 
Auxiliary Transformer.—The 65 kVA transformer is 
oil filled, naturally cooled and mounted on the loco- 
motive underframe. Its main load is a_ bridge- 
connected germanium rectifier unit which feeds the 
110 V d.c. auxiliary motors, the control circuits and 
lighting, and charges the battery. The germanium 
rectifiers and four smoothing chokes are mounted 
side by side and are cooled by a Keith Blackman fan. 
Control Equipment.—This equipment operates at 
110 V dc. and 70 Ib per sq. in air pressure. It incor- 
porates the d.c. equipment of reverser, motor 
contactors and overloads, and controls for the HT 
tap-changing system and the ATC and APC equip- 
ments; also the battery connections to the traction 
motors, which enables the locomotive to move when 
not under the contact line or when the line is dead. 
The master controller in each driving cab has two 
operating handles, a reversing handle having three 
positions (Forward, Off, Reverse), and a main handle 
having six positions (Off, Run back, Notch back, 
Hold, Notch up, Run up), for controlling the 
operation of the tap changer and main contactors. 
The two handles are mechanically interlocked. The 


controller is locked by a small control key, which 
can be extracted only when both handles are in the 
Off position. 

Fault protection is effected by an earth-leakage 
relay system which trips an earth fault, and a differ- 
ential relay system on the auto transformer; both 
trip the air-blast circuit-breaker. Fault indication is 
by lights in the driver’s cab; faults must be investi- 
gated by the driver from the fault-indicating panel 
in the body of the locomotive. 

A switch to earth the pantograph and circuit- 
breaker is provided and is interlocked to avoid 
closure when the pantograph is raised. 


Transformer Cooler.—This_ consists of rows of 
cooling tubes between top and bottom leaders. 
One radiator is mounted in each side wall of the 
locomotive body, and air ducts converge at the 
entry to an axial-flow vertical-axis motor-driven fan 
mounted in the roof. 


Pantograph Compressor.—A V-twin cylinder “Bristol” 


BPO2 air-cooled single-stage air compressor, with a 
displacement of 5 cu. ft per min, is direct-coupled to 
a d.c. motor and supplies air for operating the 
pantograph and air-blast circuit-breaker when the 
air supply in the main reservoir is insufficient for 
this purpose. 
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The Human Element 


Apprenticed to Innovation 


The apprentice training school belonging to 
Vickers-Armstrongs (Aircraft) Limited at Swin- 
don has had what must be something of a unique 
experience. It has had to change its course in 
response to the changeover of the South Marston 
works from aircraft to other types of precision 
engineering. 

The school is equipped to train 70 apprentices 
under 6 instructors for the first year of the appren- 
ticeship course. After that, training continues 
in the main factory departments. While the 
new school was under construction the Govern- 
ment announced the end of orders for fighter 
aircraft and the unavoidability of constriction 
of the aircraft industry by 40 per cent. The 
consequent greater diversity in the company’s 
output is now reflected in the course. 

One of the innovations is the introduction 
into the course of a system of project work. 
An order for the production of an article is placed 
with the apprenticeship training department 
much as it might be placed with the appropriate 
works department. One apprentice is selected 
as the project manager and the rest of the work 
is split among the apprentices, control being 
effected just as in the main factory, with rate- 
fixing, estimation, inspection, and so on. There 
are now altogether 383 apprentices at the 
Supermarine works. 


Losing Way 


The difficulties of shipyards due to cancellation 
of orders are now being intensified by labour 
troubles. Although the shipbuilding industry as 
a whole still has a long order book, the rate of 
cancellations over the past year has given rise to 
considerable anxiety and has already faced some 
of the specialist yards with the prospect of a 
shortage of work in the near future. The indus- 
try is therefore faced with the need to improve 
efficiency and reduce costs if it is to obtain its 
share of the greatly reduced volume of new 
orders in competition with overseas yards. 

In this context, recent news of labour 
disputes in two shipyards is not encouraging. 
Vickers-Armstrongs (Shipbuilders) announced 
that they would start paying off boiler makers 
in a fortnight if a dispute at the Barrow shipyard 
has not been settled by then, while the Caledon 
Shipbuilding and Engineering Company said it 
would close down indefinitely unless a strike of 
platers’ helpers which has been in progress since 
11 November, was terminated. The Vickers- 
Armstrongs announcement followed an eight- 
months ban on overtime by the boiler makers in 
support of a claim for pay increases to lieu 
platers. The company claimed that the Union 
had not followed established procedure. 

The managing director of Caledon Ship- 
building and Engineering said that in the past 
year, orders placed with the company for seven 
ships valued at £12 million had been cancelled. 
The company at present have one ship being 
fitted out, four are under construction and there 
is One more keel to lay. In this case an un- 
official strike started in support of a claim for a 
wage increase of | 4d per hour for platers’ helpers 
in yards in East Scotland, though the dispute 
had been referred by the union to the Industrial 
Disputes Tribunal and there has been no strike 
at other yards in the area. 


Educational Potential 


Something in the nature of a charter for the 
secondary modern schools has been written 
into the latest White Paper on school building 
published last week. The programme is to be 
spread over five years. To judge only by the 
figures the scheme does not suggest a very much 
larger increase in school capacity than is planned 
at present. The new scheme however is a ** post- 
bulge ~ project to a large extent. Educationalists 


who feared that the Government would cut the 
programme back to allow for the reduced 
numbers in schools after the ** bulge” has passed 
have been proved wrong. 

The aim is to have at the end of the programme 
about 1,500 grammar schools and colleges and 
about 3,000 secondary modern schools. The 
latter in particular are to have their facilities 
improved so that there can be a stream of 
brighter children (if not a very big stream) in 
the older forms back to the grammar schools. 
This, it is hoped, will help to reduce the public’s 
distaste for the 11-plus examination since a child 
who goes to a secondary modern school can get 
into a grammar school later. 

This is a plan for bigger and better schools. 
The next problem is to find the teachers to use 
the better facilities. One would like to think 
that in all this excellent planning and building 
for education of all kinds there is some master 
plan but one suspects that everyone is just too 
busy digging his own garden. 


Workers of the World 


In a setting of violent discord and bitter con- 
troversy between East and West the International 
Labour Conference held recently at Geneva 
managed some important steps forward in the 
establishment of minimum standards for the 
employment of people all over the world. One 
of the most important was the adoption of a 
convention and recommendation on discrimina- 
tion in the field of employment and occupation. 
The United Kingdom delegate voted for the 
convention although it was not “ entirely satis- 
factory ” to the United Kingdom, on the ground 
that ‘* we must associate ourselves with the clear 
and unmistakable lead given to the world by the 
ILO in directing attention to the evils arising 
from discrimination in employment, in particular 
through such factors as race, colour, religion and 
national extraction, which have long lain on the 
conscience of the world.” 

Other conventions and recommendations 
adopted related to the conditions of employment 
of plantation workers, and to wages, hours of 
work on board ship and manning (described as 
“one of the most satisfactory features of the 
4\st maritime session). A resolution (not on the 
agenda) was passed on “* measures to promote 
employment.” Hours of work were the subject 
of a general discussion, as was the organisation 
of occupational health services in places of un- 
employment. Missions are being sent by the 
ILO to the United States and USSR early next 
year to report on the * freedom of association ” 
in these countries. 


Miners Migrate 

The rising stocks of small coal were described 
by the National Coal Board as “ fast approach- 
ing the limits, both in space and finance.” This 
was despite the measures taken earlier this year 
which reduced output by nine million tons and 
the labour force by 20,000 men. Costs have 
been kept steady and so have prices and a loss 
of less than £10 million is expected for 1958, 
on a turnover of nearly £1,000 million. But, 
say the NCB, “the fall in demand has been 
sharper than anyone expected.” Hence the new 
steps just announced to reduce output, involving 
a 20 to 25 per cent reduction in opencast coal 
operations (by some 3 million tons to 11 million 
tons) and the closure of 36 pits, also estimated to 
reduce output by 3 million tons. 

Some 13,000 men will become redundant but 
the majority—between half and two-thirds—will 
be found employment at other pits in their own 
localities. About 1,000 are over 65 and will be 
** persuaded’ to retire. Those who are dis- 
missed, about 4,000, will be compensated at the 
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rate of two-thirds of their basic pay, less unem- 
ployment insurance, for a maximum period of 
26 weeks. These are generous terms, and 
together with the very favourable wage award by 
the arbitration tribunal, should go far to pacify 
the union. 

The union have pressed for the major cuts to 
be made in the opencast side of the industry, for 
the labour involved in private contractor's labour 
and not their members. But to do this would 
have meant a serious loss of income (profits of 
£3 million a year have already been sacriticed) ang 
a loss of large-coal output. The pits on the 
other hand were hopelessly uneconomic (most 
of them would have been exhausted within fiye 
years) and they are an obvious source of saving, 


Fellowship with the Continent 


A Swiss chemical company, CIBA, who are 
leaders in the production of plastic materials, 
have founded a fellowship trust “* for the purpose 
of improving and increasing the interchange of 
ideas between societies in the United Kingdom 
and on the Continent.” Their subsidiary in 
this country, CIBA (ARL) Limited (formerly 
Aero Research Limited), announced that the 
CIBA Fellowship Trust will award several 
fellowships for tenure during the academ<c year 
1959-60 at Continental universities or institutions 
** for research in chemistry, physics or some other 
allied scientific subject." They will be awarded to 
graduates of universities situated in the United 
Kingdom or in the Republic of Ireland. Some 
fellowships are likely to be awarded to recent 
graduates and other fellowships to candidates 
who have already taken their Ph.D., or who 
have spent some time in industry. 

The awards will be made by an advisory panel, 
consisting of Sir Arthur Vere Harvey as chairman 
(also a trustee, with Lord Hives and Professor 
Sir Alexander R. Todd) and including Professors 
from the Universities of Manchester, Leeds, 
Bristol and London. CIBA representatives are 
Dr. A. Brunner, of Basle, and Dr. R. F. Webb, of 
Duxford, Cambridge. 

The basic award for fellows who have already 
undergone training in research and wish to 
continue post-doctorate studies, will be £800 per 
annum plus allowances including cost-of-living 
and children’s allowance. For candidates who 
have obtained a first degree in science and wish 
to undergo training in research, the basic award 
will be £500 per annum plus allowances including 
cost-of-living and children’s allowance. 


Civilised Servants 


The likelihood of a token strike by Civil Servants 
over the Treasury’s recent pay offer was not 
perhaps very strong, although it remains a 
possibility. Apart from the natural distaste of 
the Service for such steps it would be exceedingly 
difficult to organise under the union’s rules 
since it would involve a special conference or 
referendum—both of which would take time and 
would remove a good deal of the fervour for 
action from the situation. 

Those who favoured arbitration last week were 
temporarily over-ruled by the hotheads and 
this fact alone should make it clear to the 
Treasury that they have aroused a good deal of 
indignation. The Civil Service’s prestige with 
the public has to be considered too. The British 
taxpayer has a greater pride in the Civil Service 
than he is prepared to admit but he is critical 
of some of its accumulated “ perks.” Among 
these are the Service’s steady and unhurried 
plodding (the privilege of all bureaucracies 
where honesty and security rank above enterprise) 
with due regard to seniority, long holidays and, 
according to the myth, never-ending tea breaks. 

The idea of Civil Servants taking a day off 
and calling it a strike, or worse still of taking a 
day’s sick leave when it is really a one-day 
strike, is to ask to be held up to ridicule. A 
threat not to work overtime is not a great deal 
better. As a very eminent public servant (the 
Duke of Wellington himself) might have said: 
** Strike and be damned.” 
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Companies in the News 


Air Sickness 


The news that Bristol Aircraft Limited may 
reduce their labour force early next year by 1,000 
people, added to the fact that it has already been 
reduced by 1,800 this year, reveals in full the 
difficult position in which most companies 
find themselves. In Bristol’s case, one reason is 
lack of orders for the Britannia. The chairman of 
Fairey Aviation also announced that there may 
be a major redundancy “ failing Government 
assistance.” Mr. A. B. Waring, chairman of 
Joseph Lucas, leading suppliers of electrical 
equipment to the industry, told his shareholders 
that ‘“ the current flow of orders for military air- 
craft is at a reduced level * and that ** the chang- 
ing pattern of the aircraft industry underlines the 
need for diversification into other fields.” 

Mr. Waring’s remarks indicate quite clearly 
that the industry’s difficulties are of a permanent 
nature: the shrinkage is inevitable and in all 
likelihood will be considerable. From what is 
known of the current attempts of leading aircraft 
manufacturers to introduce new products and 
to utilise their skills and facilities for the produc- 
tion of industrial goods, the possibility of a 
smooth changeover is remote. A comprehensive 
12 page analysis of the problem was published 
in ENGINEERING earlier this year and is now 
available as a reprint. A sharp and forceful 
contraction appears inevitable, particularly of 
those firms who cannot draw from large indus- 
trial resources, as can the Hawker-Siddeley and 
Vickers Groups. Even in their case, some 
redundancy of aerodynamicists, gas-turbine 
engineers and other specialists may be inevitable. 

During the recent discussion in the House of 
Commons, following a question to Mr. Aubrey 
Jones, the Minister of Supply on Government 
policy concerning the industry, it became clear 
that the Government had no settled plans. Mr. 
Jones referred to an official inquiry carried out 
in the middle of last year, which led to the con- 
clusion that * the main problem is the degree of 
support the Government should give the industry 
in relation to the claims of other industries.” 
In other words, there was little the industry 
could hope to do commercially to avoid con- 
traction. The lack of orders for the Britannia 
illustrates how a fine aircraft, backed both by 
the Government and BOAC, can fail in world 
markets. But even good orders for the Britannia 
and support for the Rotodyne would be of little 
material assistance to an industry so dependent 
on military orders. 


Scimitars into Ploughshares 


When the existing programme of Scimitar air- 
craft for the Royal Navy has been completed in 
1960, the South Marston (Supermarine) works 
of Vickers-Armstrongs (Aircraft) Limited will 
have ended its connection with the aircraft 
industry. The firm’s aircraft work is now to be 
concentrated at Weybridge. The company is 
already developing new industrial products to 
fill the gap. Its enterprise and experience over 
the next two years will provide an important 
object lesson to the rest of the aircraft industry. 

Some months ago the general manager 
launched a drive for markets in quality precision 
engineering equipment, including the nuclear 
field. A new building originally erected as an 
aircraft design office has been fitted out as a 
laboratory, drawing office and manufacturing 
unit for nuclear engineering projects. A design 
staff including physicists and electronic engineers 
has already been assembled. It was mainly 
transferred from the aircraft side, and it will be 
doubled by the spring of 1959. The advantage 


which the company has in these specialised fields 
that the engineering problems associated with 
iclear research are often parallel with those in 
rcraft production. 
In addition to the engineering side, the com- 
iny can offer a separate research and investiga- 


tion service based on its mathematical section, 
equipped with a computer. The ability to supple- 
ment these services with additional test rig and 
laboratory facilities means that a research service 
can be followed up by practical experiments. 
In addition to the nuclear side of its activities, 
the company can offer large modern machine 
shops and heat-treatment and process shops con- 
taining one of the largest salt baths in Europe. 
A company with a variety of equipment in 
mathematics, physics and engineering on the 
scale of Vickers-Armstrongs (Aircraft) Limited is 
clearly in a particularly fortunate position for 
expansion into the nuclear and electronics field. 
Others with similar problems in the aircraft 
industry but less impressive and adaptable equip- 
ment may be envious. It detracts in no way 
from the Vickers-Armstrongs effort to add, 
however, that the process of filling its shops with 
new work is only the first, if vital, stage. Ahead 
lies the problem of developing lines of produc- 
tion which will exploit the company’s expertise 
as the existing equipment becomes obsolescent. 


Building a New Luftwaffe 


It is sometimes hard to realise that a whole 
generation has grown up for whom names like 
Dornier, Heinkel, Focke-Wulf and Junkers 
mean nothing at all, and a Messerschmitt is a 
miniature car. At the end of the war the German 
aircraft firms were put on to making such things 
as pots and pans, motor scooters and pre-fabri- 
cated houses. While British aircraft manufac- 
turers are looking for something else to make, 
the German firms are thinking hard about their 
old business and taking steps to get back. 

In April the West German Defence Ministry 
allocated about £1-5 million for aeronautical 
research. This grant, the first of any size made 
since the war, is to be used for the construction 
of two large wind tunnels for research on high- 
speed, high-performance aircraft. In the manu- 
facturing field an agreement has been reached 
between Heinkel and Messerschmitt for a “* talent 
pool” for aircraft design and development. 
Heinkel have also sold their three-wheeled car 
interests to the Dundalk Engineering Company 
in order to leave them free to concentrate on 
aircraft production. The firm’s former scooter 
plant at Stuttgart-Zuffenhausen has now begun 
to turn out aircraft engine parts. 

Another development is the purchase of the 
trade name “ Junkers * from the Bonn Govern- 
ment by Union Flugzeugbau Sued, a_ joint 
Heinkel-Messerschmitt enterprise. Dornier, 
have announced that they are building a research 
centre at Friedrichshaven on Lake Constance. 

Up to the present the biggest handicap of the 
German aircraft industry has been lack of 
capital. All sorts of armaments production have 
been regarded as an economic risk and given a 
low priority both by industry and the Federal 
Government. As a result the aircraft industry 
consists of all the old firms held by the old owner 
families, parent-companies as in the case of 
Krupp’s Weser Flugzeugbau or Government 
agencies. A year ago these firms received con- 
tracts for overhauling and servicing the foreign 
built planes delivered to the German air force. 
When they will be able to take the big step for- 
ward back into manufacturing depends largely 
on the fighters or rockets controversy which is 
still unsettled in Germany. 


Copper Bottom 


‘The copper industry,” said Sir Ronald Prain, 
‘is just emerging from two and a half years of 
difficulties such as inevitably accompany a drastic 
fall in price, but thanks in a large degree to its 
own exertions, it is now beginning to build up 
the industry on a sounder basis.” Sir Ronald 
was addressing the shareholders of Rhodesian 
Selection Trust; a similar message was included 
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in his annual statement as chairman of Roan 
Antelope Copper Mines. The industry’s “own 
exertions ’’ consisted of a heavy curtailment of 
production—in the free world the curtailment 
in the past 12 months was at an annual rate of 
over half a million tons of copper—and of 
various steps taken to improve mining and 
refining techniques aimed at reducing production 
costs. The Rhodesian industry did particularly 
well in this respect. As Sir Ronald Prain points 
out, the industry’s difficulties have been “a 
healthy factor’ in its development as it has 
brought “ realism to the production side of the 
industry * and ** renewed confidence to the users 
of the metal.” Copper has presumably hit 
bottom and is rising again. 

The industry is vitally concerned in keeping 
prices stable. The long-term trends of copper 
consumption indicate considerable expansion in 
its use provided that “the price of the metal 
is not allowed to run away upwards beyond the 
various points at which substitution is certain to 
occur.” Sir Ronald advocates adjustments in 
the industry’s consumption to avoid the swings 
in price which have characterised the past 
seven or eight years. It will take time, however, 
before the speculative element in copper sales 
disappears. This undoubtedly did much to 
assist the rise in price from £160 in February to 
£260 at the beginning of November. A decline 
of £20 almost overnight illustrates the continued 
susceptibility of the metal to sharp fluctuations. 
So long as this persists buyers will endeavour to 
keep stocks to a minimum and play their own 
part in the guessing game. 

The big question mark hanging over the 
industry concerns the level of business activity 
in the United States and in Europe during the 
next few months. The recovery in North America 
shows signs of faltering. In Europe demand has 
begun to fall. It is a testing period for the whole 
industry. 


Door to Door Air Freight 


A novel air freight service in Europe has been 
launched by Air Charter Limited through a new 
company, Trukair, which is described as “ the 
fastest, most economic and direct service yet 
devised.”” Goods are collected from factories 
and warehouses “* virtually anywhere ~ in Great 
Britain, and expressed by overnight trunk road 
service to the airport of departure, are “* speeded 
through customs and air-freight formalities 
and delivered by road directly to the consignee. 
Trukair’s announcement claims that the service 
is cheaper than normal air freight because the 
goods are flown via the Channel Air Bridge 
operated by Air Charter Limited to Rotterdam, 
to Calais, and (in conjunction with Sabena 
Belgian World Airlines) to Ostend. A fleet of 
express vehicles link these flights with industrial 
centres on the Continent. Initially, Trukair 
will serve Belgium, Luxembourg and the Nether- 
lands, but it is the operators’ intention to add 
other European countries in due course. 

This is not an entirely new approach—the 
major airlines, and particularly SAS and BEA, 
are already handling a_ substantial freight 
traffic over the channel. It is by their emphasis 
on speed and directness that Trukair appear to 
break new ground. In addition to the organisa- 
tion of fast road transport, various steps have 
been taken to cut out delays due to documenia- 
tion and customs formalities. The former can 
be wholly carried out by Trukair for what appears 
to be very modest charges. All through-rates 
listed are inclusive of transport, handling and 
normal customs clearance. A reduction in the 
rates is made if the goods are delivered to or 
collected from Trukair depots. 

The whole conception of this service is based 
on exporters’ or importers’ wish to have quick, 
dependable and fuss-less handling of their 
freight. There is currently a move to use Mans- 
ton aerodrome for freight traffic now that it has 
been vacated by the US Air Force. With the 
electrification of the Kent lines by British Rail- 
ways, Manston will be within reasonable travel- 
ling time of London. 
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HE object of this article is to comment on 
some of the interesting features of the 
Geneva Conference and exhibition from the 
viewpoint of control and_ instrumentation. 
Before dealing with specific topics, however, a 
few general observations are worth recording. 
From the instrument engineer’s viewpoint the 
first Geneva Conference in 1955 was a unique 
opportunity to obtain a broad picture of the 
requirements of a new industry: by careful 
study of the conference papers and judicious 
viewing of the scientific and commercial exhibi- 
tions it was possible to obtain a fairly clear 
picture of what was then current practice and te 
discern the future trends. At the 1958 confer- 
ence, both the volume of material presented and 
the. amount of equipment displayed at the 
scientific and commercial exhibitions were much 
greater than in 1955. Unfortunately, some of 
the papers and much of the equipment were, so 
to speak, variations on a now well known 
theme, perhaps the inevitable result of the 1955 
conference. The assessment of the results of 
the latest Conference is, therefore, more difficult. 
The engineer must be highly selective in his study 
of papers and equipment; indeed, so great was 
the amount of equipment that the observer had 
need of sharp eyes so as not to miss the examples 
of the newest thinking among the mass of con- 
ventional instruments of some years standing. 

The papers read at the conference relating 
specifically to the problems of control and instru- 
mentation were numerically quite small, and these 
naturally dealt rather with principles than with 
the detailed mode of operation of circuits or 
systems. At a conference of atomic scientists, 
this was only to be expected. Nevertheless, the 
scientific and commercial exhibitions were an 
impressive demonstration of the importance of 
instrumentation and it is to be hoped that this 
will be recognised in the future by international 
conferences of instrument specialists. 

The exhibitions themselves were a tribute to 
the speed with which commercial organisations 
in many countries have within a space of but a 
few years produced a vast range of well designed 
instruments covering every aspect of the control 
and instrumentation problem. Indeed, so many 
are the potential suppliers, and so wide the 
range of products, that one may ve permitted 
to ask whether the romance of atomic energy has 
not led to excessive participation by instrument 
firms in a market that is by no means large 
enough to give an adequate return to all con- 
cerned. 

Perhaps the most striking feature of the 
exhibition was the paucity of transistor-operated 
equipment. In an industry in which the utmost 





reliability is demanded of installed instrumenta- 
tion one might expect to see transistors used on 
a large scale. Yet with a few notable exceptions 
mentioned below, transistors have not yet made 
their impact in this field. 


Reactor Safety and Control 


The field of reactor safety and control is a 
wide one, embracing such subjects as neutron 
detection, neutron flux measuring instruments, 
the kinetic behaviour of reactors and the general 
problem of the degree of instrumentation and 
control necessary to make the reactor safe. 
Many of these topics were the subject of papers 
and exhibits and some of the more interesting 
are discussed below. 


Neutron Detectors 


A most useful review of ion-chamber design 
was given in a paper by Abson, Cox and Gray.' 
Of special interest in view of trends for higher 
temperature operation of reactors, were methods 
proposed for increasing the permissable operat- 
ing temperature for boron-coated ionisation 
chambers. The principal temperature limitation 
is due to the insulation properties of the electrode 
supports and lead through seals. The use of 
ceramic insulating materials was suggested. 

A new method of measuring neutron fluxes 
was described in a paper by L. Koch.? The 
system described utilises the measurement of 
the 6 and y activity of the fission-product gases 
produced by fission of uranium 235 in the 
detector. The principle of the neutron detector 
is illustrated in Fig. 1, in which the following 
items may be seen: 

(a) a “ fission-product emitter” consisting of 
an enclosure of aluminium, stainless steel or 
other suitable material, on the inside of which 
is placed a deposit of uranium 235; 

(6) a transport fluid—preferably helium, 
though other gases are possible; 

(c) a filter for removal of solid fission products; 
(d) a By detector as a Geiger-Miiller counter or 
a scintillation counter; and 

(e) a gas circulating arrangement which includes 
means of removing gaseous fission products 
rapidly from the fission-product emitter, while 
allowing them to pass slowly in front of the 


al- 


detector (thus increasing the counting rate 
from it). 
Several advantages were claimed for this 


method of neutron detection, including linearity, 
suitability for operation at high temperatures 
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latter connection it was claimed that the detector 
is suitable for a flux range of eight decades, 
The device was also said to be suitable for 
plotting neutron flux distribution, since the 
fission-product emitter can be made very small 
while still retaining good sensitivity and having 
the advantage of negligible flux distortion, 
One of the main limitations of the system would 
seem to be the change of sensitivity which would 
occur through burn-up of the uranium 235 in 
high-flux applications. 

At the commercial exhibition a very wide 


range of neutron detectors was on view. Two 
new developments are worth attention as 
illustrating new trends. First, several very 


high sensitivity fission counters were on display. 
Typical counters contained several grammes of 
uranium 235 and had sensitivities of the order 
of | c.p.s. per neutron per sq. cm per sec, which 
is about 20 times that normally associated with 
fission counters, and comparable with that 
obtainable with a small boron trifluoride pro- 
portional counter. These fission counters should 
find a ready use where it is necessary to combine 
high sensitivity with an ability to operate satis- 
factorily in high y fluxes, an application for 
which boron trifluoride counters are unsuitable. 

The second interesting development is that of 
the application of small ionisation chambers to 
neutron flux plotting.t The method used in 
graphite-moderated power reactors in the past 
has been to lower a tungsten wire into the 
reactor and irradiate it for a short period. The 
wire is subsequently withdrawn and _ passed 
through a special annular ionisation chamber. 
The recorded ionisation current as a function of 
distance from the end of the wire then gives a 
measure of the flux distribution across the 
reactor core. The use of a small ionisation 
chamber is an attractive alternative method 
which offers a simplification in equipment and 
operation. The principal difficulty in the design 
is that of obtaining a suitable flexible lead for the 
HT and collector connections to the chamber. 
The lead must be capable of being wound around 
a small capstan (for lowering and raising the 
ionisation chamber) but it must also have a high 
resistivity and negligible ion collection from 
y rays. In one of the designs on view, quartz 
was the favoured insulant for the leads and a 
chamber sensitivity of 10 »A for a flux of 
2 10'2 neutrons per sq. cm per sec was quoted. 

The subject of neutron detection should not 
be left without a mention of the y-compensated 
ionisation chamber. In a number of countries, 
effort has been devoted to the production of a 
really satisfactory compensated chamber which 
will give a worthwhile compensation for the 





GENEVA DISTILLATE 


Prolific in papers and enormous in scope, the Second International Conference 
on the Peaceful Uses of Atomic Energy can only assume its true significance 
when the information presented there has been thoroughly digested. 
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being published at weekly intervals and will include thirteen articles in accord- 
ance with the table. The Conference was held in Geneva from | to 13 September. 


The contributors have consolidated the informa- 
tion published during the Conference, selecting the essentials, reconciling the 
submissions of different authors and countries, and tabulating the most impor- 
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effect of y radiation, without at the same time 
being critical in adjustment or markedly sus- 
ceptible to the y flux gradient at the ion chamber. 
The fruits of these developments were to be seen 
at the exhibition where a number of different 
designs was on view. Typical neutron sensi- 
tivities were of the order of 2 10-“A per 
neutron per sq. cm per sec, and the compensation 
factors ranged from 100 for a fixed arrangement 
of chambers to as much as 3,000 claimed foi a 
French design (illustrated in Fig. 2) having a 
fine adjustment for chamber volume. These 
chambers will prove very useful in instrument 
schemes for reactors in which the neutron flux 
range is very large, since a single detector could 
then cover a range of eight or perhaps even 
nine decades. They do, however, pose a problem 
for the reactor instrument designer, since the 
maximum range of currently available logarith- 
mic amplifiers is only seven decades. 


Neutron Flux Instrumentation 


A comprehensive display of neutron flux 
measuring instruments was to be seen at the 
commercial exhibition. It is clear that a number 


of manufacturers both in the United Kingdom 
and on the continent can now offer the complete 
range of equipment necessary for any type of 
As might be 


flux instrumentation scheme. 
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amplifiers do not themselves fail to safety. 
Consequently, simpler amplifier designs may be 
used and this taken in conjunction with the 
combined safety-control functions leads to a 
considerable overall saving of equipment. 


Burst Fuel Element Detection 


In graphite-moderated gas-cooled reactors the 
early detection of ruptured fuel element cans is 
very necessary to prevent contamination of the 
coolant with fission products, and blockage of 
the fuel channel itself by a distorted fuel element. 
The current practice of operating fuel elements 
at temperatures close to maximum ratings adds 
emphasis to the need for equipment of this type. 
The classical method of detecting a faulty element 
is that which is used on the Calder reactors. 
Here, the gas issuing from each fuel channel is 
analysed for the presence of fission products. 
In the process of analysis, the solid fission 
products are first removed by a filter, leaving 
only the rare gases which pass on to an electro- 
static precipitator where the solid decay products 
of xenon and krypton are precipitated on to a 
moving wire and thence passed on to a scintilla- 
tion detector. 

The counting rate from the detector then 
gives a measure of the activity of the decay- 
product parents (xenon and krypton) and thus 
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expected, the designs on view from any one 
country showed the influence of the particular 
national atomic energy authority at work, both 
as regards the methods chosen for making 
measurements and on the question of mechanical 
design and facilities provided. Probably the 
greatest differences in techniques between the 
various countries lay in the designs of the 
“safety ” or “* shut-down ” amplifiers which are 
used to initiate shut-down of the reactor in the 
event of excess flux conditions. Thus, in the 
United Kingdom, current practice is to provide 
special amplifiers for this purpose alone, having 
inherently a very high degree of failure to safety. 

These amplifiers (usually requiring the presence 
of a “ carrier signal” for correct operation) are 
rather more complex than a straightforward d.c. 
amplifier which does not have a_ fail-safe 
characteristic. Accidental shut-down of the 
reactor as a result of an amplifier fault is guarded 
against by using the amplifiers with their output 
relay contacts so arranged that at least two relays 
must be de-energised before the supply to the 
shut-off rod holding magnets is interrupted. 
In other countries the function of control (that is, 
linear presentation of neutron flux or provision 
of error signal for automatic control) and safety 
are often combined in one instrument. An 
example of this practice was given in a paper by 
Pearson® of Atomic Energy of Canada Limited 
describing the control systems of typical Canadian 
reactors. The principle adopted in these systems 
has been to use three or more identical flux 
measuring instruments (as in the United King- 
dom) the trip outputs of which are connected 
in the usual “*two out of three” manner. 
Additionally, the outputs of the instruments 
are Compared one with another and also averaged 
to provide a control or measurement signal. 
Should the output of one amplifier depart by 
more than a pre-set amount from that of the 
Others, this amplifier is disconnected from the 
averaging circuit and a warning is given to the 
reactor operator. The authors claim that the 
Sys'cm is inherently safe even when the individual 
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Fig. 1 Detection of neutron flux by fission product 
emitter. The apparatus enables accurate measure- 
ments of neutron flux to be made at high tempera- 
tures and in the presence of a high gamma flux. 


1 Aluminium case, 2 Gas supply pipes, 3 Uranium oxide 
deposits, 4 Mechanical filters, 5 Lead shieldings, 6 8 and y ray 
detectors, 7 Vacuum source. 
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Fig. 2 Compensated ionisation chamber for 


neutron flux detection. The chamber comprises 
parallel Alumag plate electrodes arranged so that 
each collector electrode is flanked by a HT 
electrode and a HT electrode forming a series 
of elementary positive and negative ionisation 
chambers. The design is of French origin. 








of the extent of the can rupture. As a very 
large number of fuel channels are involved—on 
Calder there are 1,696 channels—the obvious 
solution is adopted of dividing the channels into 
a number of groups, each of which is handled 
by separate equipment. The channels of any 
one group are scanned sequentially by means of 
a special selector valve, and the results for a 
number of channels constituting a sub-group 
displayed on a 54-point recorder. The equip- 
ment is remarkably sensitive, being capable of 
detecting an exposed area of uranium amounting 
to only | sq. mm. 

One of the problems associated with obtaining 
a high sensitivity with the equipment? is that of 
minimising the background counting rate from 
each of the monitored channels. Rigorous 
cleaning of the fuel cartridges is necessary 
(ultrasonic cleaning techniques have been used) 
since a can contamination of only one microgram 
of uranium is detectable. There will inevitably 
be a variation of background between one 
channel and another and clearly the warning 
system (which will be operated from counting 
equipment common to a number of channels) 
must take account of the highest background 
obtained, with a consequent loss of sensitivity. 

This limitation is overcome in a new method 
of detection which was described in a paper by 

Pascal and others® of the French Atomic Energy 
Commission and exhibited at the commercial 
exhibition. The equipment is being installed 
in the French reactor G3 and as far as the 
sampling and presentation of the fission products 
to the detectors is concerned, it is similar to the 
Calder system. The data handling system is, 
however, quite different. The basic electronic 
unit deals with 100 channels divided into 20 
groups of five channels each. Associated with 
each group is a_ servo-driven potentiometer 
which is initially set so that the output from its 
slider just balances the output from the counting 
rate meter when that particular group of five 
channels is being monitored. Sequence relays 
and electromagnetic clutches are used to connect 
each of the 20 potentiometers in turn to the 
ratemeter output and servo. 

Thus, when the equipment is first operated, the 
slider of each potentiometer is driven in turn to 
a position corresponding to the background 
level for the five channels associated with it. 
In effect, the potentiometer settings constitute a 
memory of the background levels obtaining 
when the equipment was first commissioned. 
Thereafter, the ratemeter output is compared, 
channel group by channel group, with the 
appropriate potentiometer outputs, and any 
departure from the measured value operates the 
alarm and signals the group number. As soon 
as this happens an additional five potentiometers 

are substituted for the 
normal memory poten- 
tiometers relating to that 
group, and used to iso- 
late the faulty channel 
and plot the history of 
the burst. 

The system represents 
an innovation in the 
technique of detecting 
ruptured fuel elements, 
and data on operational 
experience with it will be 
awaited with interest. 
Kinetics and Stability 

Various papers* * * 7 * 
referred to the 
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Neutron sensitivity: 1-5 « 10-''A per neutron per sq. cm per sec 


Gamma sensitivity uncompensated: about 10 '' A per R per 


hour 


Compensation factor: 3 10 * approximately 


125 V up to 10 A 
Operating voltage: HT 300 Vup to 10° A 


Capacitance: 60 pF. 


10° neutrons per sq. cm per sec. 
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lems of nuclear reactor kinetics and _ stability 
and were especially interesting since they 
represented the fruits of long operating experi- 
ence in several countries. There was general 
agreement on the absolute necessity for slow 
rates of rod withdrawal, at least for power- 
producing reactors. This necessity is forced 
upon the reactor designer for several reasons. 
Thus the heating (and cooling) rates of the 
reactor structure will be limited by considerations 
of thermal stress. 

For example, in the Shippingport reactor 
(PWR) the heating and cooling rates are both 
limited to 50°F per hour. Again the rate 
of rod withdrawal must be such that, in the 
event of maloperation of the rods resulting in 
continuous motoring out through the critical 
point, then the power overshoot occurring 
before the inherent stabilising characteristics 
(negative temperature coefficient) of the reactor 
comes into play must be acceptable. 

The problem is especially difficult in heavy- 
water reactors such as the Canadian NRU, in 
which the xenon poisoning peak occurring 11 
hours after shut-down amounts to 18 per cent 
in reactivity. This transient allows a maximum 
of about one hour shut-down time before 
operation is prevented for about 40 hours. 
The economics of the reactor operation are such 
that it is essential to resume operation before the 
poisoning takes effect and high rates of rod 
withdrawal are, therefore, necessary. In_ this 
particular case, the rates are such that power 
surges are not significantly controlled by inherent 
reactor stability and great demands are therefore 
made on the reliability of the control-rod drive 
and instrument systems. The use of automatic 
start-up controlled by neutron flux measurements 
is also essential. 

All reactor designers are agreed on the desir- 
ability of having an overall negative temperature 
coefficient for the reactor. It turns out, however, 
that there are very few simple coefficients and it 
is still not possible to predict precisely the 
effective fuel and moderator temperature coeffi- 
cients. Too small a negative (or in the extreme 
case a positive) temperature coefficient taken 
together with interaction between the load 
and the reactor system can lead to instability 
of the reactor in the form of divergent oscilla- 
tions of power level. Such oscillations have 
actually been observed on the reactors Borax, 
Spert and EBR-1*. It is desirable, therefore, 
to make measurements on a reactor during the 
commissioning stage to ensure its stability and a 
valuable technique has been suggested by Bethe.* 





The technique has been taken by UKAEA to 
the stage of a well engineered piece of equipment, 
which was on display at the scientific exhibition 
and which is to be installed on the Dounreay 
fast reactor. Briefly, the method entails intro- 
ducing a small sinusoidal perturbation of reac- 
tivity into the critical reactor. The resultant 
sinusoidal variation of neutron flux is resolved 
by suitable electronic equipment into com- 
ponents in phase and in quadrature with the 
initial reactivity disturbance. By varying the 
oscillation frequency, amplitude/frequency and 
phase/frequency diagrams for the reactor may 
be plotted. 

The experiments may be carried out initially 
at low power, when temperature effects will be 
small. Incipient instability will appear as a 
hump on the amplitude/frequency response curve 
and a corresponding phase change on the 
phase/frequency plot. Thus the instability may 
be detected and corrected before it achieves an 
unmanageable amplitude. The technique is a 
most useful one for studying the kinetic behaviour 
of reactors and is expected to find quite a wide 
application, at least on experimental reactors. 

The importance of adequate temperature 
information in the operation of gas-cooled 
thermal reactors was brought out in several 
papers.*;? The fuel-element cans must be operated 
close to their maximum rating to minimise gas 
circulator power requirements and to maintain 
the gas outlet temperature at the required value. 
The actual can temperature will depend on the 
coolant flow through the fuel channel in question 
and upon the neutron flux. The latter will, of 
course, vary across the section of the reactor 
and may suffer local depressions due to the 
presence of the control rods or other absorbers. 
To be certain that the cans are operated at the 
optimum temperature, therefore, necessitates a 
large number of fuel-element temperature 
measurements utilising thermocouples. 

Comprehensive temperature information is also 
required from the graphite in order to control the 
release of stored energy in the moderator— 
Wigner energy. (The point was, however, made 
that a moderate increase in the graphite tem- 
perature at the reactor inlet would make anneal- 
ing unnecessary.) The number of temperature 
measurements necessary in a large reactor may 
amount to several hundred, some of which 
may be required to trip the reactor in the event 
of excessive temperatures being encountered. 
It is clear that there is a requirement for quite 
complex temperature measuring equipment in- 
volving a number of problems in data handling 
and data presentation, with the added complica- 
tion of providing the degree of reliability 
necessary to guard against accidental shut-down 
of the reactor due to equipment failure. 

It has been mentioned earlier that transistor 


Fig. 4 Contrasting styles 
in kicksorter design. 
Both of these kicksorters 
have magnetic — core 
memories for storage of 
counts accumulated in the 
channels. That on the left 
is a 100 channel analyser 
of French design The 
other is a 200 channel 
analyser of Italian design. 
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Fig. 3 Transistor operated reactor safety 
equipment. In this equipment transistor switches 
replace relays in the logic circuits which provide 
interlock and safety switching for a reactor. 


operated equipment was not much in evidence 
at the exhibitions. It was, therefore, encouraging 
to see a display by Mullard of reactor safety 
equipment in which the relays normally used to 
achieve the interlock functions of a reactor 
were replaced entirely by transistor switches. 
This equipment, which is illustrated in Fig, 3, 
was designed for connection to a maximum of 
80 monitoring devices, of which 60 could be 
arranged in 20 groups of three instruments to 
give the usual two out of three coincidence for 
initiation of shut-down. The remaining 20 
inputs were for use as warning inputs, that is, 
for giving the reactor operator warning only of 
an abnormal condition. Features of the equip- 
ment were the inherent failure to safety of the 
transistor switching elements and the com- 
prehensive signal lamp display, also operated by 
transistors. The latter included lamps indicating 
normal and abnormal conditions for each input 
circuit, and indication of the first of the input 
groups to fail in the event of successive trip infor- 
mation being received from a number of groups. 


Health and Dosimetery 


The public concern over the hazards which 
might arise in the event of accidents to nuclear 
reactors, or indeed from the widespread use in 
industry of radioactive materials, was reflected 
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in the large number of papers read at the 
Conference dealing with health and safety. These 
papers CO’ ered subjects such as: reactor safety, 
location and containment, handling of radio- 
active wastes, biological effects of radiation, 
dosimetry and radiological protection. A wide 
range of health monitoring equipment on display 
at the commercial exhibition served to emphasise 
the importance of the subject. 

The International Commission on Radiological 
Protection has done valuable work in the past 
30 years on the problems of radiation protection 
and it was appropriate, therefore, that the 
Commission should have submitted a paper to 
the Conference’ dealing with its activities. During 
recent years the Commission has been considering 
the need for differentiation between the max- 
imum permissible levels allowable for occupa- 
tional work, and the level for persons outside 
the controlled area and for whole populations. 
The Commission’s recommendations for the 
different classes will be contained in a new 
edition of the recommendations to te issued. 

A paper’? by members of Atomic Energy of 
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these monitors were likely to be used on an 
increasing scale in the future. 

In recent years there has been a great increase 
in the number of high-energy machines, such as 
linear accelerators, coming into use and there 
is every prospect that these machines will be 
applied on quite a large scale to industrial 
processes such as sterilisation of food and 
materials, production of plastics with special 
properties, and so on. The problem of accurate 
measurement of the large doses and dose rates 
involved is quite difficult and a variety of different 
methods have been used in the past. A useful 
survey of the problems was presented in a paper 
by H. W. Koch?? in which the principles of 
calorimetric, ionisation, chemical and solid-state 
dosimeters were outlined and the advantages 
and limitations of each method summarised. 

A bewildering variety of health instruments 
were on show at the exhibitions and, here again, 
it was a difficult task to sort out the unusual 
from the conventional. 

As a means of reducing size and battery 
consumption, transistors come into their own 


Fig. 5 Measurement 
of electron temperature. 
In a narrow frequency 
band near to the critical 
frequency, a plasma emits 
radiation corresponding 
to a black body. The 
signal received from the 
plasma is compared with 
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Canada Limited gave a good survey of the prob- 
lems of radiation hazard control in an atomic- 
energy industry and included also a section on 
instrumentation. In the latter, the authors 
made the point that 13 years experience’ in 
Canada of pencil ionisation chambers has 
revealed a number of serious shortcomings, 
namely: they give readings which are inconsis- 
tent among themselves and with those obtained 
with X-ray film dosimeters; they cannot always 
be easily read by the man who is using them, nor 
do they give any warning to the wearer that the 
permissible dose has been exceeded. For these 
reasons, AECL are attempting to produce an 
improved integrating dosimeter small enough 
to be carried easily by personnel and having a 
warning device. 

The paper also dealt with two other problems 
which have received increased attention during 
recent years: the measurement of airborne 
contamination and whole-body radiation. Two 
specific examples of airborne contamination 
monitors were described. The first was a tritium 
monitor for the detection of tritium escaping 
into the air in the event of a heavy-water leak 
in a heavy-water reactor. In this device, tritium 
concentrations as low as 0-5 10-° microcuries 
per cu. cm, are measured continuously. The 
Second instrument which would seem to have 
widespread application, was a portable battery- 
operated air monitor for measuring radar decay 
products in uranium mine air. 

The interesting feature of the whole-body 
counter described in the paper was the use of a 
hundred-channel transistor pulse-height analyser 
in conjunction with a scintillation counter to 
measure and identify the internal body contamin- 
alion. The importance of whole-body monitor- 
ing was also discussed in a paper by Taylor” 
in which the author expressed his opinion that 
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for portable health monitors, and a variety of 
sophisticated designs were on show. At the 
Russian exhibit a small monitor was shown 
utilising a transistor d.c./d.c. converter for 
supplying HT to the Geiger counter and counting 
circuits, whilst cold cathode trigger valves were 
utilised for the counting-rate circuit itself. In 
contrast to this mixed technique, a portable 
scintillation monitor operating entirely from 
transistors was shown at the UKAEA stand. 
This monitor used a total of only three transistors 
for counting rate measurement and HT genera- 
tion for the detector. A corona stabiliser was 
used to stabilise the supply to the latter. These 
are but two of many examples of the use of 
transistors on portable health monitors. 

The importance of the measurement of air- 
borne contamination was well illustrated by 
the number of “ aerosol monitors on display; 
there was at least one machine from every major 
country. These machines all operate on the 
same principle, that is the air to be sampled is 
drawn through a filter paper by a fan. After 
passing under the collection point, the paper, 
now carrying on its surface dust and any radio- 
active material, passes under fy or « particle 
detectors. Usually, there is a delay between 
collection and measurement to allow for decay 
of natural radioactivity arising, for example, 
from radon decay products which may have been 
collected on the paper. There was a great 
variety in instruments design; some were con- 
tinuous, that is, the paper moved continuously 
under the collection and measuring points; 
some were discontinuous, in other words, the 
sample was collected on a filter-paper disc which 
was then automatically transferred to the 
measuring point. Some machines utilised scin- 
tillation counters and others Geiger-Miuller tubes 
for By detection. Yet again, some machines 


were provided with all the necessary electronic 
equipment, including a strip chart recorder, 
while others had none. From all this, one may 
perhaps conclude that the specification for an 
ideal aerosol monitor has not yet been written. 


General Nucleonic Instruments 


No survey of the features of the 1958 Atoms for 
Peace Conference would be complete without 
some mention of the array of general-purpose 
nucleonic equipment on display at the commer- 
cial exhibition. Indeed a review of the nucleonic 
equipment could well be the subject of an article 
in itself. 

Undoubtedly, the most universally used of 
nucleonic instruments is the scaler, and there 
was no lack of different designs to be seen 
The cold-cathode scaling tube was much in evi- 
dence and the well-known advantages of this 
device are, no doubt, enhanced in one new 
design of scaler in which the counting tubes are 
driven by transistors. 

Probably the biggest advance in instrumenta- 
tion which has taken place since 1955 has been 
in the design of multi-channel pulse-height 
analysers (known as “ kicksorters”’) and the 
allied instrument, the neutron spectrometer. 
In 1955, these instruments were only just becom- 
ing available and only two or three models were 
to be seen. In contrast, at this year’s exhibition 
there were many examples illustrating a variety 
of different circuit techniques. As _ regards 
number of channels, 30, 128 and 256 channel 
kicksorters were shown and also a 1024 channel 
neutron spectrometer (on the Russian stand). 
Contrasting styles in kicksorter design are shown 
in Fig. 4. 

Three different circuit techniques are possible 
for these instruments and there were examples 
of each on show. The oldest is that adopted 
in the original Hutchinson and Scarrott kick- 
sorter in which the count for each channel is 
stored in binary form on a nickel delay line. 
A cathode-ray tube is used to display the channel 
count as a pattern of dots in the binary code. 
Selection of channel is almost invariably achieved 
by conversion of input amplitude to time delay 
proportional to amplitude. A later development 
has been the use of an elementary scaler, one 
for each channel, to record the counts. Usually, 
the scalers comprise a cold-cathode counting 
tube followed by a resettable mechanical register. 

The latest designs of kicksorter utilise magnetic- 
core memories for storage of the counts in each 
channel, and provide facilities such as: analogue 
display of the spectrum on a cathode-ray tube 
print-out of the counts stored in cach channel, 
and decimal indication on a scaler of the count 
on any selected channel. The most sophisticated 
design of all was probably that of RCL at the 
American commercial exhibition. This was a 
128-channel instrument, fully transistorised except 
for the cathode-ray tube for analogue display 
of the spectrum under examination. Magnetic 
core storage was used for storing the count from 
each channel, and the normal read out was by 
means of a digital display on a second cathode- 
ray tube. This instrument was a very good 
example of the saving in size obtainable by the 
use of transistors. The whole equipment includ- 
ing a linear input amplifier was contained within 
a volume of about 2 ft 6 in by 2 ft 6 in by 3 ft. 


Instrumentation for Fusion Research 


One of the highlights of the Conference was 
the interest in thermonuclear research. Three 
sessions of the conference were devoted to the 
subject and among the papers were two on instru- 
mentation techniques.'* '* Briefly, three dis- 
tinct groups of diagnostic methods are involved: 
spectroscopy, electrical measurements, and the 
study of high-energy radiations. 

Photographic and photoelectric spectroscopy 
in the visible, ultraviolet and vacuum regions 
are used to analyse the hot plasma. The results 


of such measurements can yield not only infor- 
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Reactor Rivalry 


ses of Zenith—Burnup of Soviet PWR ele- 
ments—Reflections on boiling water— 
Co-operation agreement—Airciaft and reactors. 


HTGC 


Speaking at the Institute of Marine Engineers 
recently, Sir John Cockcroft said that the 
zero-energy high-temperature gas-cooled reactor 
Zenith under construction at Winfrith Heath 
would be used for studying such problems as 
neutron balance and control-rod design at 
the operating temperatures to be employed 
in a full-scale HTGC power reactor. Major 
considerations were compatibility (favouring the 
use of beryllium oxide, a sample of which was 
to be irradiated in the reactor) and the accept- 
able levels of radioactivity in the primary circuit. 
Nitrogen was being studied as a possitl2 coolant; 
for which purpose it was preferred to helium. 


Soviet Burnup 


Sir John also reported that while in the Soviet 
Union he had seen a fuel element for a pressurised- 
water reactor that had successfully achieved a 
burnup of 25,000 MWD per tonne. 


Comments on the BWR 


Sir John Cockcroft also raised certain ques- 
tions concerning the  boiling-water reactor, 
which has recently received very sympathetic 
attention. He referred particularly to the direct- 
cycle system where defects in the fuel elements 
might lead to contamination of turbines and 
condensers; shielding would therefore be required 
to contain the entire plant—a very costly under- 
taking. He also said that as yet it was impossible 
to assess the acceptable critical power level, and 
that in large boiling-water reactors instability 
might present a very serious problem—though 
the size required for ship propulsion offered 
reasonable prospects. There were also major 
difficulties still to be overcome in the control of 
such reactors. 


Notes and News 


Japanese Agree with GEC 


The Fuji Electric Company of Japan are 
reported to have concluded a licence agreement 
with the General Electric Company of England 
for technical co-operation on nuclear power 
generation. Fuji stated that the agreement had 
been made in anticipation of an order from the 
Japanese Atomic Power Generating Company 
to the GEC—Simon-Carves group. 


Soviet Nuclear Aircraft 


Reactions to the report that a nuclear-powered 
bomber has flown in the Soviet Union have 
been mixcd. Described in Aviation Week, the 
aircraft is understocd to have a long slender 
fuselage in order to reduce the angle subtended 
by the crew compartment at the reactor, so 
minimising radiation reaching the crew. It has 
four engines, two of conventional gas-turbine 
design at the wing tips, and two inboaid which 
are said to be nuclear powered, slung beneath 
the delta wing. Dimensions are given as: 
length 195 ft., wingspan 78 ft, air intakes for the 
nuclear power plant 6 ft in diameter, nuclear 
engine thrust 70,000 lb each, jet engine thrust 
35,000 Ib each, and length of the nacelles housing 
the nuclear plant 36 ft. There has been some 
discussion of the intake size and the question 
whether the reactors are on closed circuit, 
merely supplying heat to the intake air, or 
whether the intake air itself passes through the 
reactors, though this is hazardous and unlikely. 


Supermarine Nuclear Division 


A nuclear division has been established by 
Vickers-Armstrongs (Aircraft) Limited at the 
Supermarine Works, South Marston (see Atomic 
Review, 31 October). A new building is fitted 
out as a laboratory, drawing office and manufac- 
turing unit devoted entirely to nuclear engineer- 
ing projects. A large design staff, reinforced 
with physicists, electronic engineers and labora- 
tory personnel, seconded in large measure from 
the aircraft side, will be doubled by next spring, 
when the first two experimental reactors now 
under construction for AERE, Harwell, are 





Concluding Instrumentation and Control 


mation concerning impurities in the gas discharge 
but also a measure of the ion and electron 
temperatures. 

The position and movement of the plasma 
may be examined by means of drum cameras 
and image converters focused on transverse slits 
in the torus. For examination of the hottest 
part of the discharge, which emits very little 
visible light, it appears that there is a need for 
apparatus of this type operating in the vacuum 
ultraviolet and X-ray regions. 

It is interesting to find that microwave measure- 
ments can provide valuable information on the 
behaviour of the plasma. The elcctron density 
can be found from a study of the phase shift, 
absorption and scattering of microwaves in the 
frequency range 10'° to 10!" c.p.s. propagated 
through the plasma. Also the electron tempera- 
ture can be determined by measuring the ** white” 
noise radiation from the discharge using a cali- 
brated microwave superhetrodyne receiver. The 
method is illustrated in Fig. 5. 

Electrical measurements include monitoring 
of the gas current and the magnetic field. The 
latter measurement poses a particular problem 
as even the very small pick-up coils wh.ch are 
used for this purpose inevitably perturb the mag- 
netic field which they are intended to measure. 

Electronic temperature and particle density are 
also measured using electrostatic probes (Lang- 
muir probes). Temperature is inferred from 
the slope of the voltage/current characteristic 
and the density from the saturated ion current. 
The principal difficulty encountered is that of 
preventing the destruction of the probes by the 
formation of arcs. 

Nuclear reactions taking place in the discharge 
will be accompanied by the emission of neutrons 


and it is necessary to determine their number, 
energy and distribution in time and_ space. 
Standard techniques appear to be used including 
activation methods, boron-trifluoride counters 
and scintillation counters. 

The paper by Ware'! emphasised the import- 
ance of X-rays in gas discharges as indicating 
the presence of non-thermal processes. Photo- 
graphic films and scintillation detectors were 
used in Zeta to determine the number and energy 
of X-rays as a function of gas current and axial 
magnetic field. X-rays up to 100 keV were 
observed. 
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completed. Besides training and rese: ‘ch reac. 
tors, the division will make such equi) ment ag 
reactor simulators and components fo Particle 
accelerators. They are also engaged in research 
projects sub-contracted by the UKAEA 

The nuclear division at South Marston is not 
to be confused with the two other seciions of 
Vickers-Armstrongs concerned with nuclear 
work. Vickers Nuclear Engineering Lisnited, jp 
which Rolls-Royce and Foster Whecler are 
associated, are responsible for the study, design 
and construction of reactors for power and 
propulsion, and have been engaged on work in 
connection with the British nuclear powered 
submarine Dreadnought. Vickers Research 
Limited undertakes research of a basic kind for 
the entire Vickers Group, including nuclear 
research. The South Marston division may be 
regarded as concerned primarily with develop- 
ment. 


Supermarine Reactors for Training and Research 


Three sub-critical reactors (exponential or 
zero-energy assemblies based on Harwell speci- 
fications) have so far been undertaken by the 
Supermarine nuclear division. Later, critical 
reactors, designed for isotope production as 
well as training and research, are to be built. 
Training reactors will be made for universities, 
technical colleges and other establishments, and 
it has been stated that the division “ can cer- 
tainly produce a reactor within the cost brackets 
of a small low-speed wind tunnel.” The training 
reactors, being moderated by demineralised 
ordinary water and fuelled with natural uranium, 
will be incapable of criticality and hence be inher- 
ently safe. Not requiring enriched fuel or 
heavy-water moderator, they will also be com- 
paratively cheap. A_ radioactive source will 
supply neutrons to initiate the reaction. 

The three reactors at present under construc- 
tion for AERE are required for research studies, 
The first is an exponential pile for investigating 
the behaviour of heated graphite, preparatory to 
work on the core of the Advanced Gas-Cooled 
Reactor (AGR). The design is such as to 
permit considerable variation in the size of the 
graphite structure, the maximum being a 15 ft. 
cube and the minimum a 4ft cube. This 
structure, assembled from graphite bricks, will 
be mounted on a plinth or grid packed with 
vermiculite to provide thermal insulation between 
the graphite and the neutron source, which will 
be located. beneath it. The graphite will be 
heated up to 400° C by means of 500-watt elec- 
trical elements, and cooling will be effected by 
carbon dioxide or nitrogen, the heat being 
rejected to an air or water cooled heat exchanger. 
It must be possible to heat the graphite to 
400° C from cold in 48 hours and to cool it 
from that temperature in a_ similar period. 
Containment and shielding will be afforded by 
boral sheet. Charging and discharging will te 
carried out horizontally through a large vertical 
circular steel shield, which can be rotated so as 
to bring a row of diametral ports into line. 

The second reactor will be a small water- 
moderated reactor contained in an aluminium 
tank designed for research. The third will be 
to some extent similar to the first and will be 
known as a fine-structure reactor, being used 
for graphite studies also for the AGR. 

Among the research projects under way at 
the Supermarine works is a rig for studying the 
behaviour of beryllia (BeO) at temperatures 
between 800 and 1,200° C. Beryllia is a moderat- 
ing oxide available at present only in small 
quantities but is more tractable than its parent 
metal beryllium. It has been used as moderator 
and reflector in at least one Soviet research 
reactor, and is said to have been chosen for a 
proposed Russian high-temperature gas-cooled 
reactor. The gas outlet temperature anticipated 
for the British HTGC reactor is 800° C. 


Bending Beryllium Tubes 


The Tube Investments Technological Centre at 
Walsall has fabricated a small-bore beryllium 
tube of sufficient ductility to permit bending 
on a 5-in radius. The tube is of 0-300-in bore 
with a wall thickness of 0-040 in. 
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In Parliament 


ATROPHY IN THE AIRCRAFT 
INDUSTRY 


Last week, it was the turn of the aircraft industry 
to figure prominently in the proceedings of the 
House of Commons at question time. — Mr. 
Maurice Edelman (Labour), pressing the Minister 
of Supply, Mr. Aubrey Jones, to appoint a 
Select Committee to inquire into the present 
state of the industry, affirmed that its atrophy 
at this time was causing the greatest concern to 
the employers, workers and strategists. 

While he did not advocate a return to the old 
system whereby thousands of millions of pounds 
of public money were spent without an adequate 
return, he would like to know what public 
support the Minister was prepared to give to 
the industry. Mr. Frank Beswick (Labour/ 
Co-operative) thought that there was something 
of a Greek tragedy about the position. The 
industry was shrinking and the country appeared 
to be doing nothing about it. He wondered 
what was being done to keep track of men 
leaving the industry. These men were skilled 
operatives. What about the design teams now 
being dispersed? Were efforts being made to 
keep them within the framework of the industry ? 

On these points, Mr. Aubrey Jones said that 
no one was more aware of the problems con- 
fronting this industry than he was_ himself. 
In the middle of 1957, however, the Government 
considered whether they ought to set up an 
external inquiry and came to the conclusion 
that the main problem was the degree of suppoit 
which they should give to the aircraft industry, 
in relation to other claims on the Government 
for help. That was a Government problem on 
which they could not very well seek advice 
from outside. 

He denied that nothing at all was being done. 
The Government had set up an internal inquiry 
into the methods by which they might help on 
the civil side of the industry. Arising from this 
inquiry, at least two ministerial statements had 
been made. Something was indecd being done. 


ROTODYNE PROJECT 


Another aspect of the aircraft industry with 
which the Commons were concerned was the 
statement by the chairman of Fairey Aviation 
Limited that the industry was facing a difficult 
situation and that there would be a major 
redundancy in the firm’s works unless there was 
Government assistance. Mr. Arthur M. Skef- 
fington (Labour) and Mr. A. E. Hunter (Labour) 
both drew the attention of the Minister of 
Supply to this declaration. 

Mr. Skeffington thought it highly regrettable 
if the team of designers and crafismen who had 
produced the machine which captured the 
international air speed record, the airliner with 
a vertical take-off, and who had done much 
development work on missiles were allowed to 
break up through lack of finance. Further, 
should redundancy occur in Hayes, Middlesex, 
it would create much hardship in an area which 
had already experienced one major industrial 
re-organisation. 

Mr. Hunter suggested that the Minister should 
endeavour to assist this key industry to obtain 
orders for civil aircraft from Canada, Australia 
and other Commonwealth countries. Mr. Frank 
Beswick inquired whether it was the Minister’s 
view that the problem of redundancy for the 
firm would be solved if an order were to be 
given for the Rotodyne aircraft. 

In reply, Mr. Aubrey Jones said that he had 
seen the statement by the chairman of Fairey 
Aviation Limited, and that he was_ having 
discussions with the company on the future of 
the Rotodyne project. He was aware of the 
crious problem of the company but he hoped 
that he would not be pressed to comment on 
negotiations which were still in progress. 

So far as orders from the Commonwealth were 
yncerned, he tried to help as best he could, 
it the main effort must come, of course, from 


the firm. He thought that the company’s 
troubles arose, in the main, from the general 
contraction of the industry. On the other hand, 
were an order to be secured for the Rotodyne, 
which was the most promising project that the 
firm had, its problems would, to some extent, 
be alleviated. 


SAFEGUARDING MAJOR INVENTIONS 


Sir David Campbell (Ulster Unionist) thought 
that all these questions were fully covered by the 
motion which had been tabled by Mr. F. W. 
Farey-Jones (Conservative). By that motion, 
if passed, the House would affirm its opinion 
that, in order to safeguard the future of the 
British aircraft industry and civil aviation 
generally throughout the Commonwealth, the 
Government should make available at the 
earliest opportunity, the capital necessary to 
preserve within the Commonwealth, and thereby 
to prevent their sale to foreign powers, certain 
outstanding new inventions in the field of 
aeronautics. These inventions, the motion 
stated, were of the most vital and revolutionary 
importance in the development of aviation 
throughout the world and could, if maintained 
in the United Kingdom, safeguard a high and 
stable level of employment in the British air- 
craft industry for many years ahead. 


VERTICAL TAKE-OFF AIRCRAFT 
Another aeronautical project to which reference 
was made last week was aircraft capable of 
executing vertical take-offs and landings. Mr. 
Roy Mason (Labour) asked the Miunister of 
Supply to state what projects of this nature the 
Goveinment were helping to finance, par- 
ticularly those with a commercial application in 
view. He wondered whether the Minister was 
** quite satisfied *’ that sufficient attention was 
being paid to this development. Had he in 
mind, for the future, undertaking a joint project 
for a vertical take-off and landing aircraft with 
the United States under the Mutual Aid Pro- 
gramme? Mr. Aubrey Jones said that, apart 
from work on helicopters, his Ministry was 
financing the SCI research aircraft, as well as 
other work, including work on engines, which 
was related to vertical take-off and landing 
systems. It was expected that these researches 
would lead eventually to commercial appli- 
cations. It was possible that some arrangement 
might be reached with the United States with 
a view to a joint project, but it was premature 
to comment on that at the moment. 


IMPORT DUTY ON MACHINERY 


Proposals that the President of the Board of 
Trade should introduce an Order to abolish the 
protective duty on all imported machinery were 
put forward by Mr. A. F. Holt (Literal). He 
pointed out that firms still imported machinery 
even when duty-free licences were refused and 
thought that that was sufficient evidence to show 
that no alternative machinery was available in 
this country. In view of the Government’s 
desire to increase capital investment, he queried 
the point of continuing the tax. Mr. John 
Rodgers, the Board’s Parliamentary Secretary, 
said that the proposals must be declined. It was 
open to the users of imported machinery to apply 
for the removal of the duty on any definable 
class of appliance. Duty-free directions could 
be issued for machinery costing £2,000 or more, 
if similar machines were not procurable for the 
time being in this country. 


KITE MARK ON ELECTRICAL GOODS 
Reference was made by Miss Elaine Burton 
(Labour) to the anxiety which, she said, was felt 
by the British Standards Institution at the 
slowness of the progress which was being made 
in its desired arrangements for marking electrical 
equipment as safe when such equipment complied 
with certain standards. As_ the Institution 


received a Government grant for this work, 
what did the Board of Trade propose to do about 
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it? According to the last report of the advisory 
council, the scheme had been in an advanced 
state as far back as October, 1957. 

Mr. John Rodgers said that both he and the 
Board’s President shared an interest in this 
matter but the grant given by the Board did not 
entitle the President to direct the Institution in its 
work on matters of this kind. He understood 
that some firms were showing an interest in the 
extension of the Kite Mark scheme to new ranges 
of domestic electrical appliances. The present Kite 
Mark Scheme did, in fact, cover some of these 
articles, such as electric lamps and electric 
blankets, and there were other Kite Mark 
schemes that covered electrical appliances not 
applicable to domestic users. Manufacturers 
had also been making inquiries of the Institution 
about Kite Mark schemes for electric dry 
shavers, electric fires and electric irons. 

Very few fatal accidents had arisen from 
electrical equipment itself. 

ENGINEERING WORK ON TYNESIDE 
Suggestions that unemployment in the engineer- 
ing and ship-repairing industries on Tyneside 
was the highest since the war were put forward 
by Captain E. W. Short, Labour member for 
Central Newcastle upon Tyne. He also asked 
what new industrial undertakings had been 
established in Newcastle during the past year 
as a result of efforts by the Board of Trade. 
In this connection, he felt that the city had 
reached its maximum point of absorption of the 
men who had been paid off in the engineering 
industry there, and that the Government should 
do something about the matter. Were ministers 
aware that men discharged from engineering 
workshops on Tyneside were being offered work 
in Liverpool at that moment? 

On these matters, Mr. John Rodgers replied 
that the diversification and prosperity on Tyne- 
side was one of the great achievements of the 
post-war period. Unemployment in the north- 
west Tyne region, which included Newcastle 
upon Tyne, was 2:2 per cent in October last, 
which compared with an average of 2:3 per 
cent for Great Britain. He agreed that ship- 
building and ship-repairing faced special prob- 
lems, but the engineering industry, as well as 
many other industries, would benefit from the 
recent measures which had been taken to 
stimulate the economy of the country. 

The satisfactory level of activity in Newcastle 
upon Tyne had not called for special measures 
by the Board of Trade, but, in fact, one small 
undertaking had moved into the city this year. 


Domestic Heat Pumps 


It was suggested to the Chancellor of the 
Exchequer by Mr. Austen Albu (Labour) that an 
examination should be made of the fuel-saving 
properties of the domestic heat pump, with a 
view to the present rate of purchase tax on this 
appliance being reconsidered. Mr. Heathcoat 
Amory said that he was aware of the properties 
of the heat pump, but did not think it right to 
single out that appliance for a fiscal privilege 
over competitive kinds of electric heater or 
refrigerator. 

Legislation on Solid Fuel 

The Government was urged by Mr. Frederick 
Willey (Latour) to take action to implement 
that part of the Hodgson Committce’s report on 
weights and measures which dealt with solid fuel. 
Speaking for the President of the Board of 
Trade, Mr. John Rodgers said that these recom- 
mendations could only be implemented by 
legislation. He regretted that parliamentary 
time did not at present permit the President to 
introduce such a Bill. 

Steel Handmills in Scotland 

Production of sheet steel by Scottish handmills 
has continucd to decline during recent years. 
According to information supplicd by Mr. 
Reginald Maudling, the Paymaster-General, 
to Mr. C. R. Bence (Labour), their output in 
1952 amountcd to 64,000 tons, while picduction 
this year is expectcd to amount to no more than 
34,000 tons. 








768 


STEAM MOTOR 


By R. A. S. ABBOT 


In Germany to-day, and indeed in many other 
industrial European countries, interest in the 
reciprocating steam engine remains high, and 
considerable research and energy is being devoted 
to improving its design and performance. 

The type of steam engine that has attracted 
much attention in recent years is the so-called 
‘** steam motor.” This class of engine is usually 
defined as comprising a totally-enclosed short- 
stroke high-speed reciprocator with high-pressure 
lubrication, and is equipped with poppet or piston 
valves receiving their motion from a camshaft. 
In most cases such engines are of the multi- 
cylinder single-expansion type, the outward 
appearance resembling an oil engine. 

Although normally produced for land purposes, 
units of this type are said to be particularly 
suitable for harbour launches and tugs when 
fitted with reversing gear. Foremost among 
continental makers of these modern units is 
Spillingwerk-Hamburg, a firm dating back to 
a repair shop for marine engines founded in 
1890, who now claim to be the only factory in the 
world specialising in vertical steam engines. 
Although famous on the continent, their products 
are little known in this country. 

From about 1919 onwards, the orthodox 
piston-type steam engine had to a large extent 
been pushed aside by the steam turbine and the 
diesel engine, and by the fict that many 
firms ceased generating their own electric power. 
Hence, quite a number of leading makers of 
steam plant were forced to curtail their out- 
put in favour of other and more profit- 
able products. Undeterred by this trend, 
Spillingwerk, applying advanced principles in 
design and manutacturing methods, set about the 
task of developing further the  piston-type 
steam engine into a_ high-speed space-saving 
prime mover capable of meeting specific require- 
ments by the addition or subtraction of self- 
contained units. 

Tne firm can now justifiably claim that by 
means of a carefully-conceived transfer of the 
approved constructional elements of the modern 
diesel engine to the steam engine, and by employ- 
ing the unit-construction system, it has created 
an entirely new type of engine. High-speed 
diesel and petrol engines have attained such a 
high standard of simplicity and reliability that 
it was an attractive proposition to design moving 
parts of the steam engine similar to comparable 
parts of internal combustion engines, and in this 
way to bring the operational characteristics of 
the steam engine in line with the characteristics 
of modern prime movers. Experience gained 
in this field has shown, however, that the simple 
transfer of all typical diesel engine components— 
such as plunger piston, valve gear, exhaust parts 
and the like—will not meet the case straightaway 
if the operational properties and efficiency of 
such a steam engine are not to suffer considerably. 

The basic unit, or engine block, of the Spilling 
steam motor comprises, one crankcase unit 
block plus one cylinder block. A single-cylinder 
engine comprises one such engine block; a 
three-cylinder engine = one engine block + 
one engine block -- one engine block, and so 
on up to a six-cylinder engine. If, there/ore, 
it becomes evident after some time of operation 
that the output of the steam motor as erected is 
no longer sufficient, its capacity can be increased 
by subsequently adding one or several engine 
blocks. 
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Power Plant to Give 


Choice of Output 


An example of this is illustrated by Fig. 1, 
where a two-cylinder steam motor of approxi- 
mately 280 h.p., installed in a fish-meal plant in 
Western Germany, has been converted to a 
three-cylinder steam motor of approximately 
400 to 420 h.p. at 750 r.p.m. The control is by 
centrifugal governor. The whole range from 
10 to 1,000 h.p. is covered with only two types of 
engine blocks. All cylinders of one type of 
engine block for, say, 85 or 170 or 710 Ib per sq. 
in steam pressure, have identical outer dimensions 
and identical block-connecting measurements. 
Tney can thus be exchanged if necessary as a 
result of modified operational conditions. The 
crankcase unit blocks—which are machined in 
one operation—are also uniform in their outer 


dimensions. The eccentric rod guide is also 
interchangeable under the  unit-construction 
system. 


The camshaft, forming part of the crankcase 
unit, is divided into several scctions, so that it 
can be extended. The one-piece crankshaft 
must, however, always be changed when extend- 


Fig. 1 


ing the engine. The control eccentrics of the 
camshaft can be set individually and adjusted, 
consequently with a multi-cylinder steam motor 
it is possible to work with different back-pressures 
and to utilise this advantage in single-step or 
multi-step operation, also in bleed-off, back- 
pressure, or bleed-off condensation operation. 
The camshaft itself can be equipped with various 
regulators. All parts subject to wear and tear are 
exchangeable through an arrangement of bushes. 
Such parts include cylinder liners; piston 
jackets; piston-rod protecting tubes; guideway 
bushes, etc. It is true that this system raises 
manufacturing costs, but in the long run the 
user should profit by it, since the work of exchang- 
ing worn parts can be done by mechanics,whereas 
repairs require highly-skilled fitters. This com- 


by Unit Construction 


ponent replacement system, moreover, re-estab- 
lishes the original condition of the eng:ne. 

Only brief shut-downs are necessary in case 
of trouble or overhauls, as the few spare parts 
for the two standard engine-block types are 
always available from stock for immediate use. 

The sec.ional drawings of a two-cylinder 
machine, reproduced here in Fig. 2 give a 
clear view of the constructional details. The 
piston (1) is a hollow steel member with an 
interchangeable cast-iron jacket holding the 
piston rings in grooves. The cylinders are 
provided with renewable liners (2) so that 
reboring of blocks is never necessary. Each 
cylinder (3) of a multi-cylinder engine is screwed 
individually to its corresponding crankcase unit, 
and the cylinder blocks have no contact with 
each other, so that thermal expansion does not 
lead to harmful stress. 

The patented telescopic sealing (4) consists of 
a protecting tube securely connected to the piston 
rod, and an oil-tight standpipe screwed to the 
floor of the cage (5). The tube protects the 


Two-cylinder Spilling steam motor of type 14 converted to a three-cylinder plant. 








piston rod against wear from the p‘ston-rod 
packing. Moreover it prevents crankcase oil 
being thrown into the case or the steam cylinder. 
or leakage water from the cylinder gland getting 
into the crankcase. 

The floor of the cage (5) is sprinkled with the 
outflow water from the oil cooler, and the 
cylinder block heat is thus screened off effec- 
tively from the crankcase. The steam motor, 
claimed to be the only vertical steam engine 
avoiding troublesome cage openings, can be run 
entirely closed, and can be erected outdoors if 
necessary. The crosshead guide (6) can also be 
exchanged. The crankcase block (7) has good 
accessibility for all driving unit parts. 

The steam ports (8) in the cylinder block are 
straight and short, and for this reason there is 
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little dead space, and low throttle and thermal 
losses. Provision is made on the valve rod (9) 
for telescopic sealing as on the piston rod. ; 

The valve-rod crosshead guide (10) is inter- 
changable, to make possible the adaptation of 
the distances between piston-rod and valve-rod 
to all the various cylinder diameters, and to 
ensure short steam ports; _exchanging cylinder 
blocks, in the case of modified steam conditions, 
can thus be done without a decrease in efficiency. 

A great variety of regulators (11) are in use. 
The eccentrics (12)—as are all other moving 
parts of the camshaft—are journalled on needle 
bearings, and according to the steam distribution 
desired for the particular cylinder concerned, that 
particular eccentric can be adjusted to suit. 

The camshaft (13) is contra-rotating to the 
crankshaft at the same speed. It is bored to 
accommodate the coupling rods, which provide 
the connection between the regulator and eccen- 
trics by means of gearing and toothed segments. 
The crankshaft (14) is of one-piece design and 
carries counterweights (15) which transfer the 
unbalanced forces from the vertical to horizontal 
direction. 

The camshaft too is counterweighted. On both 
shafts about 50 per cent of the forces is balanced 
at top and bottom dead centres. Due to the 
contra-rotation of the two shafts, the centrifugal 
forces of the crankshaft and camshaft counter- 
weights balance in the horizontal plane at stroke 
centre and/or in 90° position of the crankpin. 
Even a one-cylinder engine can thus be balanced 
to about 90 per cent, whereas in the case of an 
orthodox steam engine, crankshaft balancing 
by such counterweights would be limited to about 
40 per cent of the forces and couples. 

Due to its compact design, the Spilling steam 
motor requires little space and, because of its 
good balancing, needs only small and inexpensive 


Fig. 2 (below) 





foundations; furthermore the standard speeds 
of the basic capacity units are 750, 1,000 and 
1,500 r.p.m., which permit direct coupling with 
high-speed generators, blowers, pumps and other 
machines. 

The running cost of electric power generated 
in back-pressure operation is very low, and the 
use of a steam engine to take the place of the 
uneconomical reducing valve has been accepted 
practice for many years. 

The economic boundry between the field of 
applicability of a modern Spilling steam motor 
and a back-pressure turbine lies at an output of 
about 1,000h.p. Below this output the turbine 
has a lower thermodynamic efficiency, particu- 


Fig. 3 Single-cylin 
der Spilling steam 
motor of type 7, driv- 


ing gas-exhauster. 


Sectional views of two-cylinder steam motor. 
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larly at part load. In many instances it is more 
profitable not to equip the larger power con- 
sumers of a plant with individual electric drives, 
but to drive them directly with a suitable steam 
engine. This method of operation avoids the 
losses otherwise resulting from the two-fold 
conversion of energy, and thus raises the effici- 
ency of the drive. This is especially true of 


machines with long running hours and applies 
still more to machines which require regulation 
of pressure, quantity or speed. 

The 1958 Spillingwerk production programme 
uses only two basic types of capacity units 
(engine blocks) small and large. The small unit 
type 7, develops 25 to 35 h.p. at 1,500 r.p.m., 
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Continuing Design 





Fig. 4 
type 14 driving generator in a chemical plant. 


Four-cylinder Spilling steam motor of 


and has a stroke of 23 in (maximum five units 
per steam motor, 174h.p.). The large unit has 
two variants, the type 14, developing 100-140 h.p. 
at 750 r.p.m. with a 54 in stroke (maximum five 
units per steam motor, 700h.p.); and the 
type 12, developing 120-165 h.p. at 1,000 r.p.m. 
with a 5 in stroke (maximum six units per steam 
motor, 990 h.p.). All three types are of moderate 
size and very compact. 

Examples of the three variants are shown in 
Figs. 3, 4 and 5. In Fig. 3 is a one-cylinder 


steam motor of type 7, speed-regulated in 
accordance with a gas-exhauster at a gas works, 
and developing 25h.p. at 1,450r.p.m. The 
four-cylinder steam motor type 14 shown in 
Fig. 4 has an approximate output of 550-600 h.p. 
at 750 r.p.m. and drives a generator in a chemical 
factory. The set works in parallel with the 
public supply, and is regulated by the necessary 
output of exhaust steam to the chemical plant. 
Type 12 is represented by a five-cylinder steam 
motor in Fig. 5; this set also works in parallel 


CORDLESS TELEPHONE SWITCHBOARD 


The first cordless switchboard in Britain to 
receive Post Office sanction went into operation 
recently at the European headquarters of the 
Canadian Pacific Railway Company in Trafalgar 
Square, London, S.W.Il. The switchboard, 
‘which controls a_ private automatic branch 
exchange, was made by Automatic Telephone and 
Electric Company Limited. On the switch- 
board, “ dialling’ has been replaced by the 
much faster system known as “ key-sending,” 
which the operator (not the extensions) uses for 
calling both internal and external numbers. 

The exchange has 110 extensions, 29 lines to 
the public exchange and four private wires to 
other Canadian Pacific offices. Any extension 
can dial any other extension and can also dial 
outside numbers direct, from the same telephone. 
Direct access to an outside line can be barred 
to certain extensions if desired. 

The two operators are almost entirely occupied 
with incoming calls. (Four were needed to 
operate the original equipment.) A system of 
lamps tells the operator how many calls are 
waiting. To accept a call, she simply moves a 
key—the waiting calls are automatically brought 
up in rotation—and sets up the number of the 
required extension by pressing the appropriate 
push-buttons. She then presses the “send ~ 
key; the extension is rung automatically and a 
lamp indicates “free *’ or “ busy.” If free, the 
outside call is put through automatically. 

If busy, a “* Ring When Free” facility can 
be used. This device rings the extension when 
it becomes free and automatically connects the 
outside call. The operator can advise a “* busy ~ 
extension that an important outside call is wait- 
ing, by transmitting a warning tone. When the 
required extension hangs up he is automatically 
rung and connected. 

An extension can “hold” an outside call 
while he makes an internal call; he can auto- 
matically transfer an outside call to another 
extension, without help from the operator; 


or he can return it to the operator for action. 

A large number of telephone calls coming in 
to Canadian Pacific naturally consist of inquiries 
about the company’s ship, aircraft and train 
services. To cut delay to a minimum, a system 
has been devised which diverts these calls to 
the appropriate department, where they “ queue 
up” for attention. Nine inquiry lines go to each 
department, any one of which can be answered by 
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Fig. 5 Five-cylinder Spilling steam motor of 
type 12 driving generator in a chemical plant, 


with the public supply. The output is approxi- 
mately 900-1,000 h.p. at the crankshaft coupling, 
or 600-750 kW at the generator terminals. The 
exhaust steam is used in a chemical plant, but 
as the steam is generated in a waste heat boiler 
the motor is controlled by holding a constant 
inlet pressure. 

In conclusion, the Author wishes to thank the 
technical staff of Spillingwerk-Hamburg for 
their assistance in the preparation of this article. 
and for the loan of photographs and drawings. 


any of fiveclerks. Each has a control panel fitted 
with keys and indicator lamps to show which 
lines are “ busy” or “ waiting.” A clerk can 
transfer a call from the queue to an ordinary 
extension, or vice versa. He can also transfer 
a call from the queue to the queue in another 
department. All these transfer operations are 
carried out automatically, without assistance from 
the switchboard operator. 


GREASE FILLED POLYETHYLENE SLEEVES 


For sealing the individual conductor joints in 
plastics insulated communication cables against 
the ingress of moisture, a silicone-grease-filled 
polye:thylene sleeve, marketed under the name 
** Polytel *, has been introduced by British Insu- 
lated Callender’s Cables Limited, 21 Bloomsbury 
Street, London, W.C.1. 

Until recently, the method of jointing plastics 
insulated communication cables involved cover- 
ing each twisted conductor joint with an insulated 
tube and placing a sealing sleeve over the com- 
plete joint. This method was not necessarily 
trouble-free for the following reasons: (a) because 
of the non-hygroscopic nature of the core insula- 
tion, moisture entering the cable as a result of 
damage to the sheath could go undetected until 
it reached the nearest joint where the insulation 
had been removed to permit jointing the conduc- 
tors, and (5) a moisture-resistant outer sleeve 
does not prevent low insulation faults. 

Until now these defects have been minimised 
by fitting a water barrier over the sheath in each 
end of the main joint sleeve, but with the use of 
Polytel sleeves a water barrier need only be 
fitted to the cable(s) in one end of each joint, 
thus preventing a “continuous pipe” effect 
being formed by the whole system. Further, 


for CABLE JOINTS 


for joints on rural and urban-type distribution 
cables the sleeves provide an ideal form of 
moisture-repellent insulation. Because of the 
damaging effect of sunlight on the natural and 
lightly pigmented polyethylene from which the 
tubes are made, it is essential to protect them. 

This requirement is normally satisfied by the 
use of a joint sleeve, but for joints on rural and 
urban type distribution cables the recommended 
method of protection is to apply two layers of 
Rotunda black adhesive pve tape with 50 per 
cent overlap without tension. 

The tubular polyethylene sleeves are sealed at 
one end and filled with a non-melting non- 
solidifying silicone grease of good dielectric 
properties, a high degree of water repellence. 
oxidation resistance and a working temperature 
range suitable for home and overseas services. 
Installation ts simple. The twisted and soldered 
joint is bent back alongside the core and is then 
enclosed inside the sleeve. 

Tests reveal that conductor joints protected 
by Polytel sleeves registered insulation resistances 
of 10° megohms and 5 by 10* megohms respec- 
tively after (a) prolonged immersion in wate: 
of fluctuating temperatures, and (4) prolonged 
atmospheric exposure and subsequent immersion. 





E] 





NG 


of 
int, 


)Xi- 
ng, 
‘he 
ut 
ler 
int 


‘or 
le. 


we 


we 


eS OS 








ENGIN’ ERING December 12, 1958 


TRANSOM STERN TRAWLER 


Considerable interest was aroused some months ago by the announcement that a 
transom stern trawler was to be built at Selby, by Cochrane and Sons Limited, Ouse 
Shipbuilding Yard. The trawler, S.T. “ Kelvin,” has now run her trials on the 
river Humber, and has completed her maiden voyage. 
(139-70 ft reg’d.) by 28 ft by 14ft 3in mld., having a gross tonnage of 448, and 
is owned by Trawlers Grimsby Limited, one of the Ross Group companies. 

The transom stern is not new to some types of vessels, but it is believed that 
Consequently a great deal of time 
and thought was given to the idea in the design stage, and tank tests were 


the Kelvin is the first trawler to be so built. 


arranged. Speed tests at the Teddington Tank 
showed that an improvement in performance 
could be expected as compared with the conven- 
tional cruiser stern. Further tests were carried 
out under rough water conditions for following 
seas at both steaming and towing speeds with 
waves varying from 400 ft to 100 ft in length. 
There was every indication that the new model 
should make an excellent sea ship, under any 
conditions. 

The new design gives a little more room at the 
after end, both on deck and below, and _ this 
has been used to improve the accommodation. 
Everything possible has been done to make the 
crew comfortable including individual reading 
lights to the berths, and as in other vessels for 
the same owners, Dunlopillo is used exten- 
sively in the upholstery. 

Of primary importance is the necessity to 
keep the catch in good condition, therefore 
careful attention has been given to the construc- 
tion of the fishroom which has a capacity of 
8,650 cu. ft. The sides and bulkheads have 
* Whitsulite ~ insulation and the overheads are 
lined with wood and have Onazote insulation 
between the beams. Aluminium has been used 
for the wing bulkheads and fixed shelf angles, and 
galvanised steel portable ang.es in the remainder 
of the fishroom. NHard-wearing sapele maho- 
gany is used for the shelf boards. 

Life-saving appliances consist of three RFD 
inflatable dinghies stowed in rigid glass fibre 
containers, and together they have a capacity 
in excess of 150 per cent of the ship’s company. 
An 18 ft square sterned Class “ C” wood boat 
is fitted aft and operated by means of a Schat 
single arm centre line davit. 

Steering is by a Donkin hand and power 
hydraulic gear. A steam pump in the engine 
room provides power for the rams and the gear 
can be operated in either hand or power from the 
bridge. A steam and hand windlass by Gemmell 








She is 137 ft 6 in b.p. 


S.T. “ Kelvin” is believed to 
be the first’ trawler’ with a 
transom stern. Tank tests in- 
dicate improved performance and 
good behaviour in rough water, 
both steaming and towing. 


and Frow Limited is fitted on the whaleback for 
operating the anchor. The trawl winch is a 
** Robertson ” product with a capacity of 1,200 
fathoms of 2§in circumference warp on each 
barrel. 

A complete and up-to-date electrical installa- 
tion has been provided by Wm. Broady and Son 
Limited. The main generator is a IS kW 
steam-driven set with a Reader engine and a 
Crompton Parkinson dynamo. There is also a 
standby diesel set of 10 kW with a Russell New- 
bery engine and a Crompton dynamo. 

Navigational aids include a * Fulmar”’ tele- 
phony transmitter, guardian receiver with D/F 
facilities and Mimco SRE equipment, all by 


WING NUTS FROM 


A new method for the manufacture of nuts has 
been developed by M. F. Robertshaw Limited, 
Bletchley, Bucks. 

The principle consists of a thread form intro- 
duced into a pressed metal blank which takes 
the shape of a bisected wing nut; it is then 
folded, forming a nut which is consequently 
split into two halves, but tied at the top by the 
fold—the halving of the thread allows a tension 


MICRO-SPOT CATHODE RAY TUBE 


A micro-spot cathode-ray tube capable of resoly- 
ing 5,000 lines claimed to be the only one of 
its type in the world is now available from the 
electronics department of Ferranti, Limited, 
Hollinwood, Manchester. Measuring 5 in across, 
the 5/71 CM tube, as it is known, has been 
developed for airborne applications such as aerial 
mapping. The spot diameter is considerably 
less than 0-001 in. 

The high resolution of the tube has been made 
possible by the use of an exceedingly fine screen 
and an entirely new design of electron gun using 
two focusing elements, one of which is electro- 
magnetic and external to the tube, while the 
other is electrostatic and has a fixed focal 
length. 

The tube has an optical flat face with a non- 
darkening glass and a short cylindrical bulb, 
coated—except over the screen surface—with a 
thick layer of plastic resin, enabling it to be 
operated under adverse atmospheric conditions, 
namely, 30kV at 75,000 ft without danger of 


he Ferranti micro-spot cathode-ray tube, which is capable of resolving 5,000 lines, 
is heen developed primarily for airborne applications such as aerial mapping. 
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Marconi. There is also a cabin receiver for the 
use of the crew. Decca Navigator and Decca 
Radar are fitted. Sounders consist of two 
Kelvin and Hughes type MS/29 ** White Line ~ 
instruments with scale expander. 

The main propelling machinery consists of a 
triple expansion steam engine with cylinders 
14 in, 24 in and 40 in by 27 in stroke, having an 
i.h.p. of 750, which, together with an oil burning 
boiler, have been constructed and installed by 
Amos and Smith Limited of Hull. 

S.T. Kelvin has recently returned from het 
maiden voyage: her performance and sea quali- 
ties pleased everyone concerned, and confirmed 
the satisfactory results of her trials. 


FOLDED PRESSINGS 


to be exerted on the bolt itself. When tightening 
the bottom ends of the nut coincide with a 
cupped recess on the component to be fixed or. 
alternatively, an individual cupped washer 
which gives a collet effect, so giving a locking 
action of the two halves on to the thread. 

The principle can be adapted to other applica- 
tions, as for light bolts, plastics inserts, and 
various other uses. 


Resolves SOOO Lines 


e.h.t. breakdown. Similarly, no tube socket is 
required, the leads to the rear end of the tube 
being encapsulated in a way which does not 
hinder the tube from being mounted easily in its 
focus and scanning assembly. 

Whilst the new tube is primarily intended for 
the display or photography of repetitive informa- 
tion, single transients may be photographed at 
writing speeds which are limited by the scan coil 
requirements. The standard phosphor used in 
the tube has green fluorescence, decaying to I/e 
level within ten microseconds after removal of 
excitation. It is also suitable for use with many 
types of photographic material. Tubes with a 
blue fluorescence can also be supplied. 

Great care must be taken in considering the 
quality of e.h.t., scanning and focus supplies for 
the tube, since multiple effects due to e.h.t. 
ripple, imperfect focusing and poor scanning 
fields can cause such an enlargement of the spot 
that no advantage is apparent when using these 
tubes. Ferranti Limited can provide scanning 
and focus coils designed for use with the type 
5/71CM tube, together with a small alignment 
magnet, which is clamped to the neck of the 
tube in the region of the cathode. 
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Association of Supervising Electrical Engineers 
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British Institution of Radio Engineers 
LONDON 
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GLASGOW 
* Design and Construction of Precision Toroidal Potentio- 
meters for Data Transmission,” by H. J. Arnott. Scottish 
Section. 39 Elmbank Crescent, Glasgow, C.2. Thurs., 
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Films on “ Forests of the Future "—Re-afforestation in 
British Columbia, exhibited by the Seaboard Lumber Sales 
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MANCHESTER 
* Utilisation of Industrial Wastes as Fuel,”’ by C. E. Newman 
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Discussions on ** Report on Heavy Oil Engine Working Costs 
and Performance, 1957-58 * and ** Operating Problems” > and 
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* Treatment of Trade Effuents and Methods of Purification,” 

by T. Waldmeyer. Kent Branch. King’s Head Hotel, High 

Street, Rochester. Wed., 17 Dec., 7 p.m. 
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BRISTOL 
Films on ** The Formation, Location and Methods of Drilling 
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Grand Hotel, Bristol. Mon., 15 Dec., 7.30 p.m. 
NEWCASTLE UPON TYNE 
** Welding in Marine Engineering,” by J. A. Dorrat. North 
East Coast Section. Stephenson Building, King’s College. 
Claremont Road, Newcastle upon Tyne. Thurs., 18 Dec., 
6.15 p.m.* 


Institute of Metals 
SWANSEA 
* Properties of Metals at Very Low Temperatures,” by J. £ 
Aubrey. South Wales Local Section. Department of Metal- 
lurgy, University College, Singleton Park, Swansea. Tues., 
16 Dec., 6.30 p.m.* 
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LONDON 
* Petroleum-Based Launching Lubricants,” by G. H. Clark 
and D. A. Davidson. Wed., 7 Jan., 5.30 p.m.* 
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L ONDON 
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* Electricity in Modern Commercial Horticulture,” by C. A. 
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Centre. Town Hall, Chester. Mon., 15 Dec., 6.30 p.m. 
EDINBURGH 

* Standardisation of Control Facilities for the British Grid: 
Communications, Indications and Telemetering,” by P. F. 
Gunning; and * The Development of Communication, Indica- 
tion and Telemetering Equipment for the British Grid,’ by 
G. A. Burns, F. Fletcher, C. H. Chambers and P. F. Gunning. 
South East Scotland Sub-centre. Carlton Hotel, North Bridge, 
Edinburgh. Tues., 16 Dec., 7 p.m. 

GLASGOW 

* Standardisation of Control Facilities for the British Grid: 
Communications, Indications and Telemetering,” by P. 
Gunning; and * The Development of Communication, Indica- 
tion and Telemetering Equipment for the British Grid,” by 
G. A. Burns, F. Fletcher, C. H. Chambers and P. F. Gunning. 
South West Scotland Sub-centre. Institution of Engineers 
and Shipbuilders in Scotland, 39 Elmbank Crescent, Glasgow, 
C.2. Wed., 17 Dec., 7 p.m. 

MANC HESTER 

* Design of Electro-Mechanical Auxiliaries Directly Associ- 
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Engineers’ Club, Albert Square, Manchester. Tues., 6 Jan.. 
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* Applications of Digital Computers,” by Dr. D. C. Gilles. 
Tues., 16 Dec., 6.30 p.m. 


Institution of Heating and Ventilating Engineers 
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* Central Heating in the Modern Home,” by W. Kerr, J. T. L. 
Parkinson and G. Howden. Scottish Branch. Scottish 
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23 Dec., 7 p.m. 


Institution of Highway Engineers 
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“Urban Motorways,” by Lieut.-Colonel G. W. Kirkland. 
Institution of Structural Engineers, 11 Upper Belgrave Street, 
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Institution of Mining and Metallurgy 
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The address and telephone number of the headquarters of each institution are given below. 
in the headquarters town are held there unless otherwise stated. 
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GLASGOW 
“Machine Tool Development in the USSR,” by N, Stubbs, 
Glasgow Section. Institution of Engineers and \ipbuilders 


in Scotland, 39 Elmbank Crescent, Glasgow, C 2, Thurs, 
18 Dec., 7.30 p.m. 


Easttiution of Railway Signal Enginec;s 


L ONDO 
" Geographical Circuit Technique,” by H. A. Co Institu- 
tion of Electrical Engineers, Savoy Place, Victor Embank. 
ment, W.C.2. Thurs., 18 Dec., 6 p.m.* 
Institution of Structural Engineers 
BELFAST 
* Design of Plate Girders,” by Dr. K. C. Rockey. Northern 
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6 Jan., 6.45 p.m. 


Newcomen Society 


College of Technology, Belfast. Tyes 


LONDON 
* Early Water Turbines in the United Kingdom,” by Pay! x 
Wilson. Wed., 17 Dec., 5.30 p.m. 
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Reinforced Concrete Association 
l ONDON 
* Articulation of Concrete Structures,” by J. F. Field-Smith 
Institution of Structural Engineers, 11 Upper Belgrave Street, 
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Royal Institution 
LONDON 

** International Geophysical Year.” 
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Tues., 30 Dec.; ** Geomagnetism,”” by J. M. Stagg, Thurs.. 
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Royal Meteorological Society 


Series of Christmas lectures 


LONDON 
Various short papers. Wed., 17 Dec., 5 p.m.* 


Royal Society of Arts 
LONDON 


* Films in Alliance with Industry,” 
14 Jan., 2.30 p.m. 


Royal Statistical Society 


by Edgar Anstey. Wed 


LONDON 
* Determinants of Wage Inflation in the United Kingdom, 
1946 to 1956.” by J. C. R. Dow and L. A. Dicks-Mireaux 
London School of Hygiene and Tropical Medicine, Keppel 
Street, W.C.1.  Thurs., 18 Dec., 5.15 p.m.* 


Sheffield Metallurgical Association 
SHEFFIELD 
** Imperfections in Metals,” by Professor N. F. Mott. BISRA 
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Sheffield Society of Engineers and Metallurgists 
SHEFFIELD 
“Continuous Casting at Barrow,” by I. M. D. Halliday 
Mon., 15 Dec., 7.30 p.m. 


Society of Chemical Industry 
LONDON 
** Modern Views of Electrochemical Processes: Part I, Cathodic 
Processes,” by E. C. Potter; and ** Part Il, Anodic Processes,” 
by T. P. Hoar. Fri., 19 Dec., 2.30 p.m. and 5.30 p.m 


Society of Instrument Technology 
LONDON 
“Control Systems as Applied to Railways Signalling,” by 
J. C. Kubale. Control Section. Manson House, Portland 
Place, W.1. -Mon., 5 Jan., 6 p.m.* 
South Wales Institute of Engineers 
CARDIFF 
* The Collection, Transmission and Utilisation of Methane 
from Collieries in the Afan Valley,” by Stewart L. Wright, 


William T. Hird and Gwilym H. Thomas. Thurs., 8 Jan.., 
6 p.m. 


Meetings 
Particulars for this feature should 


reach the Editor not later than three weeks before the date of the meeting. 
* An asterisk is placed where it is understood that refreshments are available prior to the time stated. 


Association of Supervising Electrical Engineers, 23 Bloomsbury 
Square, London, W.C.1. (LANgham 5927.) 

British "ay of Radio Engineers, 9 Bedford Square. 
London, W.C. (MUSeum 1901.) 

British ve the li Society, 12 Bessborough Gardens, London, 
.W.1. (TATe Gallery 9371.) 

Building Centre, 26 Store Street, London, W.C.1. (MUSeum 

) 

Combustion Engineering Association, 6 Duke Street, St. James's, 
London, S.W.1. (WHItehall 5536.) 

Diesel Engineers and Users Association, 18 London Street, 
London, E.C.3. (ROYal 2393.) 

Illuminating trys Society, 32 Victoria Street, London, 
S.W.1. (ABBey 5215 

Incorporated Plant ae 2 Grosvenor Gardens, London, 
S.W.1. (SLOane 0469.) 

Institute of Marine Engineers, Memorial Building, 76 Mark Lane, 
London, E.C.3. (ROYal 8493.) 

Institute of Metals, 17 Belgrave Square, 
(BELgravia 3291.) 

Institute of Petroleum, 61 New Cavendish Street, London, W.1. 
(LANgham 7583.) 

Institute of Refrigeration, New Bridge Street House, New 
Bridge Street, London, E.C.4. (CENtral 4694.) 

Institute of Road Transport Engineers, 69 Victoria Street, 
London, S.W.1. (ABBey 6248.) 

Institution of British Agricultural Engineers, 6 Buckingham Gate, 
London, S.W.1. (TATe Gallery 8589.) 

Institution of Chemical Engineers, 16 Belgrave Square, London, 
S.W.1. (BELgravia 3647.) 

Institution of Civil Engineers, Great George Street, London, 
S.W.1. (WHItehall 4577.) 

Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2. (TEMple Bar 7676.) 

Institution of Engineers-in-Charge, 13 Grange Close, Edgware, 
Middlesex. (MILI Hill 3543.) 

Institution of Engineers and Shipbuilders in Scotland, 39 Elm- 
bank Crescent, Glasgow, C.2. (Central 5181.) 


London, S.W.1I. 


Institution of Heating and Ventilating Engineers, 49 Cadogan 
Square, London, S.W.1. (SLOane 3158.) 
Institution of Highway Engineers, 47 Victoria Street, London, 
S.W.1. (ABBey 3891.) 
— of Mechanical Engineers, | Birdcage Walk, St. James's 
Park, London, S.W.1. (WHItehall 7476.) 
Institution of Mining and Metallurgy, 44 Portland Place, London, 
Ww. (LANgham 3802.) 
Institution of Production Engineers, 10 Chesterfield Street, 
London, W.1. (GROsvenor 5254.) 
Institution of Railway Signal Engineers. Apply to Mr. R. I 
eedon, 222 Marylebone Road, London, N.W.1. (AMBas- 
sador 7711.) 
Institution of Structural Engineers, 11 Upper Belgrave Street 
London, S.W.1. (SLOane 7128.) 
Newcomen Society, Science Museum, Exhibition Road, London, 
S.W.7. (KENsington 1793.) 
North East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle upon Tyne |. (Newcastle 20289.) 
Reinforced Concrete — 94-98 Petty France, London 
S.W.1. (ABBey 4504. 

Royal Institution, 21 _ Street, London, W.1. 
Park 0669.) 

Royal Meteorological Society, 49 Cromwell Road, South Ken- 
sington, London, S.W.7. (KENsington 0730.) 

Royal Society of Arts, John Adam Street, Adelphi, London, 
W.C.2. (TRAfalgar 2366.) 

Royal Statistical Society, 21 Bentinck Street, London, W.1 
(WELbeck 7638.) 

Sheffield Metallurgical Association, 64 Crescent Road, Sheffield 7 
(Sheffield 52865.) 

Sheffield Society of Engineers and Metallurgists, University of 
Sheffield, St. George’s Square, Sheffield 1. (Sheffield 24071.) 

Society of Chemical Industry, 14 Belgrave Square, London, S.W.1 
(BELgrave 3681.) 

Society of Instrument Technology, 
London, W.1. (LANgham 4251.) 


(HY De 


20 Queen Anne Street. 


South Wales Institute of Engineers, Park Place, Cardiff. (Cardiff 
23296.) 
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Marketing 


Freedom for the Kiwis 


New Zealand has become much more free to buy her imports where she likes. 
The new trade pact with this country gives her the right to lower substantially the 


preference margins enjoyed by United Kingdom exporters. 
new classes of imports, each with its new minimum preference. 


There will be three 
Aircraft, engines, 


tractors, iron and steel products and uncompounded chemicals qualify for 5 per 


cent, the lowest margin. 


A wide range of machinery, together with pharmaceuticals 


and some textile piece goods will have a 74 per cent minimum preference and all 


other items, including cars, 10 per cent. 


The latter category accounts for about 


half total British exports, the 7$ per cent category for about one-quarter and the 


5 per cent for one-tenth. 


The importance of the new pact should not be under-rated, since the degree 


of protection enjoyed by British goods was very high. 
was 35 per cent, on most capital goods it was 20 per cent. 


On cars, for example, it 
Also, under the agree- 


ment New Zealand will be free to conclude bilateral barter deals with countries 


which might take some of her surplus dairy produce. 


Britain, on the other hand, 


will continue to give New Zealand goods duty-free entry and will maintain the 


guaranteed existing margins of preference. 


The British Government will consult 


New Zealand before reducing margins now in excess of the guaranteed rate. 
Everything seems to have gone New Zealand’s way and British exports will 


doubtless suffer. 


In the short term, however, no unfavourable effect is expected 


and any fall in the level of British exports to New Zealand below the £141 million 
shipped in 1957 is likely to be brought about by shortage of foreign currency rather 


than by the re-direction of imports. 


on her ability to find new markets. 


Merchants Consolidate 


British merchants are to form a national organi- 
sation “to promote the interests of firms or 
individuals not already covered by any existing 
organisation.” This step was agreed at a con- 
ference held in London last month, attended by 
over 50 firms. Mr. Harold Vernon, a director of 
Thos. W. Ward, took the chair at the invitation 
of Mr. C. W. Allen, the convenor. Mr. Vernon 
was elected the first president of the new organi- 
sation, which will be known as the * Association 
of British Machinery Merchants.” Mr. C. W. 
Allen was appointed secretary. 

Among the long list of functions which the 
Association will perform are the encouragement 
of inter-trading, representation of the trade in 
matters arising from any advances that may be 
made in free trade in Western Europe and the 
establishment of an apprenticeship scheme 
throughout the trade “* to ensure a better standard 
of labour.” 


German Target 


A * Buy British * drive was launched in Western 
Germany recently by the British Ambassador, 
Sir Christopher Steel. The object is not merely 
to persuade West Germans to buy more British 
goods but to increase trade between the two 
countries. Sir Christopher warned that “* failure 
to set up a free trade area could lead Europe to 
tragedy * and strongly urged German business- 
men to take energetic steps to safeguard Anglo- 
German trade. He pointed out that British 
exports to Western Germany had doubled in the 
past five years but that this growth was being 
threatened by the failure of the free trade area 
negotiations. 

The “ Buy British * drive will have three main 
aspects: a visit to Britain, at the invitation of 
the Government and the Federation of British 
Industries, of a mission of the West German retail 
trade; an advertising campaign in three leading 
German newspapers; and personal letters from 
Mr. Marjoribanks, Economic Minister at the 
Embassy in Bonn, to 300 British companies. 
Manufacturers of toys and of machine tools will 
be Mr. Marjoribanks’ special targets in this 
country. The German retail traders’ mission, 


New Zealand is to look for cheap imports 
but the United Kingdom remains her largest export market. 


Much will depend 


who were here during the first week of December, 
represent stores with an annual turnover of 
£450 million. They will concentrate on clothes, 
shoes, toys and electrical goods and will be 
followed by their specialist buyers. British 
exports to Western Germany currently account 
for 5 per cent of that country’s total imports, 
and were running at an annual rate of over 
£130 million in the third quarter of this year. 


Representation at Home 


As interest mounts, particularly in Europe, in 
the possibility of selling in Britain companies 
are forming associations and beginning to 
organise the sale of imported products. The 
George Cohen 600 Group announced a few 
weeks ago that they had decided to handle— 
through their Contractors’ Plant Department— 
the sales and service of the French “ Pingon ~ 
tower cranes, an item of equipment the building 
industry has been importing ever since tower 
cranes became an accepted way up to the top of 
a building under construction. 

Sykes Machine Tool Company, Staines, 
have been appointed sole British agents for 
Schiess precision gear and pinion hobbing, and 
gear-shaping machines by Schiess AG of 
Dusseldorf-Oberkassel. Alfred Herbert have 
achieved the unusual distinction of being 
appointed sole distributors by the Censor of 
Liechtenstein for measuring and _ inspection 
equipment. This includes high-speed, high- 
precision ball, roller and needle sorting and 
grading machines for the bearing industry and 
multi-dimension inspection machines for very 
small parts. 


Tariff Bid Fails 


The attempt of four leading manufacturers of 
plastic materials—Bakelite, Distillers, ICL and 
Monsanto—to get a higher tariff on certain 
imported thermoplastic materials has failed. 
The Board of Trade had already turned down the 
request to raise the existing tariff of 10 per cent 
ad valorem to the 334 per cent “ key industry 
duty * on the import of four polymers: poly- 
thene, polyvinyl chloride, polystyrene and poly- 
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methyl methacrylate. The manufacturers’ case 
was that these four polymers were synthetic 
organic chemicals and therefore qualified for 
key industry duty protection. The case was 
referred to arbitration and the tribunal of three 
—Mr. Ashton W. Roskill, Q.C., Professor E. D. 
Hughes and Professor E. E. Turner—decided 
that the polymers were not synthetic organic 
chemicals. 

There is always an element of mystery con- 
cerning the manner in which such issues are put 
forward, clouded in legal terms, and why they 
are decided by the definition of a few words. 
The fact of the matter is that the United Kingdom 
plastics industry is exposed to highly damaging 
competition from imports, particularly from 
Japan and Italy. Price cutting has resulted—in 
the pvc field—and stocks have been building up. 
It is now almost inevitable that output will be 
curtailed and most unlikely that one of the most 
rapidly expanding sections of the plastics industry 
in recent years will expand further. 


Hopeful Canadians 


Confidence is building up in Canadian business 
circles that the recession “has already passed 
bottom ” and that it is unlikely to spread further. 
Much of this stems from the improved per- 
formance of industry in the United States, where 
manufacturing production is currently some 
9 per cent above the low point of last April and 
continues to pick up, and not from any ascer- 
tainable facts. Production and employment in 
Canada are both lower than a year ago. Exports 
—well maintained so far—fell in the third 
quarter. Capital investment by business remains 
low and shows no sign of recovery. Yet business 
men refuse to be deterred by statistics. Recovery 
in the United States, they point out, is very soon 
felt in Canada. 

The main problem of the winter may prove to 
be the prevailing unemployment. Some 200,000 
workers—twice last year’s figure—are expected 
to be without a job, even if the expected recovery 
takes place. This is politically dangerous and 
could change the mood of the country to depres- 
sion. The remedy everyone is looking for is a 
resumption of capital investment by private 
industry. So far, confidence has been better 
reflected in the prices of stocks and shares than 
in the engineering industry’s order books. 


Factors’ Functions 


The development of commission merchanting in 
the United States into what is now called the 
** factoring” industry, and the part it plays in 
modern business. are described in a fascinating 
little booklet entitled Factoring—What it is and 
What it Does. The publishers are one of the 
leading factors in the United States, Meinhard 
and Company Incorporated, of New York. 

Increasingly the factor is becoming a financial 
institution. In precise terms, he purchases 
“for cash, in full ownership in his own name, 
the receivables of the seller of goods without 
recourse to the seller in case of customer credit 
failure.” Originally, the industry grew up to 
finance and handle United States imports of 
textile goods. When the McKinley Tariff Bill 
was passed (in 1890). making imports prohibitive, 
United States factors turned to the rising textile 
industries in their own country and began 
merchanting their products. 

Today, United States factors handle over 
$4,000 million worth of business in a wide 
variety of trades. They have become recognised 
as “one of the leading methods of financing 
rapidly expanding firms.” The fact that they 
offer to their clients “the experience of top 
credit executives specialising in a wide variety of 
fields’ differentiates them quite clearly from 
their British counterparts. It is an interesting 
concept of trade financing by houses whose 
knowledge of the products concerned is at least 
equal to their knowledge of finance. 
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FROM COLLIERY TO CABLE MAKING 


Twenty-one years ago a small group of business men founded a company 
to make electric cables, and started a works on the site of a disused 
colliery at Aberdare, Glamorganshire in South Wales. It was a purely 
private venture, for in 1937 there were no Government schemes for helping 
new industries to start in distressed areas. The new company, Aberdare 
Cables Limited, brought the first manufacturing process not directly 
connected with iron and coal to the Welsh valleys, and so pioneered a 
movement which has since been widely extended. The venture was 
viewed by some people as very much of a gamble, for although there 
appeared to be ample labour available—some 45 per cent of the local 





fherdare Cables Limited draw all their own 
wire. This machine is used for aluninium. 


Lead and lead alloy sheathing is ap- 
plied by one of two hydraulic presses. 





men were then unemployed—most of the workers came from tie tradi- 
tional coal and iron trades of the district. Nevertheless, the founders 
of the business believed that local labour could be trained for the entirely 
new work of cable making and brought with them only a smal! nucleus 
of key men. Events have proved their faith to be fully justified, and the 
policy of engaging local labour as far as possible has been continued to 
the present time. Today the company employs some 400 workers, 
including several who have been with it for the whole of its twenty-one 
years’ existence. The present chairman, Sir John Pascoe, together with 
Sir George Usher and the late Mr. F. G. Penny, was one of the founders 
of the company. 


WIRE DRAWING 


It was decided from the outset to undertake wire drawing as well as 
cable manufacture, and today all the company’s wire requirements 
are met by the wire drawing department. Both copper and aluminium 
wire are produced. Copper is drawn on multiple die “ slip’ machines 
on which even tension is achieved by allowing the wire to slip on the 
driving drums, which are run at a faster speed than the wire. Aluminium 
is drawn on a “ non-slip machine which has individual speed control 
on each drawing head and provision for accumulating excess wire if 
successive heads are not exactly in step. Controlled-atmosphere electric 
furnaces are installed for bright annealing of wire after drawing. 

Circular and shaped, stranded conductors are made from the drawn 
wire, the shaped conductors having a helical form which permits laying 
up in the cable without damage to the dielectric. 


INSULATING 

Paper, the basis of the cable insulation, is classified into three types, 
according to which use the finished cable is to be put. It is cut into 
narrow tapes and then applied to the conductors by lapping machines 
which wind on eight tapes simultaneously at each lapping head. Paper 
lapping is a precise operation, which is based on experience and laboratory 
tests and must result in a cable which can withstand the considerable 
handling it may undergo during installation. If the cable is bent the 
paper tapes must move by a sliding action if they are not to be torn 
or damaged. It has been determined that the required condition may 
be met by arranging for 70 per cent of one tape to be covered by the 
next, with a paper gap of nominally 0-04 in, and by controlling the 
winding tension accurately with pre-set spring loaded friction brakes on 
each paper spindle. 

To convert a hygroscopic material like paper into a high-grade insulant 
it is necessary for it to be impregnated with an oil compound, and cable 
thus goes straight from the lapping machines to a group of drying and 
impregnating tanks. It is first heated and dried in vacuum tanks in which 
the temperature and vacuum are controlled to close limits. Three 
impregnating units are installed, to deal respectively with low tension, 
high tension and non-draining cables respectively. Here the impreg- 
nating compounds, consisting of refined mineral oil and resin, with small 
additions of micro-crystalline wax for the non-draining variety, are 
applied. The plant is operated on a closed circuit, the compound being 
stored and circulated without exposure to the atmosphere. 


SHEATHING 

Immediately the cables leave the impregnating tanks they pass to 
hydraulic presses where they are sheathed with lead or lead alloy. 
Unsheathed cable on the input side of the press rotates in a tank of 
impregnating compound in order to prevent any possibility of moisture 
getting into the dielectric. 

It is normal practice to provide mechanical protection for the lead 
sheath on cables for underground installation, and the factory is equipped 
for applying steel tape or wire with bitumen impregnated textile beddings 
and servings. Special servings can be applied for such purposes as colour 
identification. fire resisting, termite repelling, protection against high 
ambient temperature and corrosion from chemical, micro-biological 
and electrolytic attack. A special type of polyvinyl chloride which ts 
particularly stable when in contact with bituminous compounds has 
been developed, and an effective protection is given by applying two 
tapes of this material, each 0-01 in thick. In addition to plastics tape 
protection, cables are made sheathed with seamless plastics. These 
cables range from multicore polyethylene insulated and pve sheathed 
varieties for telephone and control circuits to pve insulated power 
cables with shaped and pre-spiralled cores. Cables of this type are 
usually wire armoured to provide earth continuity, but they may have 








2di- 
lers 
rely 
leus 
the 
| to 
ers, 


ith 


lers 


nts 
um 
hes 
the 
um 
rol 

if 


wn 
ng 








ENGINEERING December 12, 1958 


MOULD FOR 
RADAR REFLECTOR 


Savings in production costs have been made at the Redhill works of 
A. C. Cossor Limited, by using Bakelite epoxide resin to resurface an 
existing 16 in by 6 ft by 7 ft compound curvature mould used in the pro- 
duction of the Cossor C.R.21 reinforced resin radar reflector. Although 
epoxide resins are widely used in the fabrication of new moulds this is 
believed to be the first time that an epoxide resin has been used for 
resurfacing a large mould. 

The mould, consisting of a wooden “ egg-box * construction surfaced 
with stone plaster, was built originally for the production of a single 
reflector. Further reflectors being required, an attempt was made to 
use the same mould but this proved abortive owing to surface break-up 
which occurred after the second specimen had 
been produced. To obviate the considerable 
expense incurred in the design and production 
of a new mould, Cossor technicians decided to 
resurface the existing mould with epoxide resin. 

This was done by plotting the mould surface 
accurately with a theodolite and building it up to 
level with giass cloth and Bakelite po!yester resin. A layer of the 
slate-filled epoxide resin was then spread on with a knife to cover the 
whole area completely and the new moulding surface rubbed down and 
polished before commencing production. 

The resurfaced mould has been used to produce six more radar reflectors 


. 
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This compound curvature mould is used in the production of a radar reflector. It has been 
resurfaced with epoxide resin to replace the original stone plaster moulding surface 


(all based on Bakelite polyester resin) without recognisable signs of 
deterioration. Release has been exceptionally good in spite of the difficult 
contours and a notable feature of the finished product, one of the largest 
intricate one-piece reinforced resin mouldings ever made, has been the 
extremely accurate dimensiona! stability. 


PROGRESS IN CONTINUOUS CASTING 





Modifications to the continuous casting machine 
at Barrow Steel Works Limited, Barrow-in- 
Furness, have doubled its capacity. The modi- 
fied machine, which ts of the twin strand type, is 
automatically controlled and operates at speeds 
of between 220 and 360 in per min when casting 
2 in square billets—a speed which is claimed to 
be at least twice that of any other known contin- 
uous casting plant. Normal production with 
billets of this size is 15 tons an hour. 

Hot metal, tapped into an o1! burner pre- 
heated 7$ ton ladle from an electric are furnace 
of the same capacity, Is teemed into two separate 
tundishes simultaneously to feed two casting 
strands. Oil firing is used to pre-heat the 
tundishes and to fire them during casting. On 
emerging from the 32 in long reciprocating copper 
moulds each biilet passes through water sprays 
and is solid before it reaches the withdrawal rolls. 
A single pair of rolls at the base of each strand 


iurns the moving billet so that it ts discharged 
horizontally on to a roller track, where it ts 
straightened under its own weight and then cut 
to length. Billets 30 ft long or less are normally 
cut otf the continuous lengths, but there are 
cooling bank facilities which aliow of lengths up 
to 150 i, and billets up to this length have been 
made satisfactorily. 

The Barrow plant is designed to produce 
billets from 2 in to 4in square and slabs up to 
12 in by 4.1n, and experience has shown that the 
continuously cast products have physical proper- 
ties fully comparable with those made by conven- 
tional methods. Most of the experimental 
work done so far has been on carbon steels in the 
0:05 and 0-85 per cent carbon range, and the 
average yield of commercially sound material 
is between 98 and 99 per cent. Equally good 
yields have been obtained with low alloy and 


stainless steels. 


The continuous casting plant at Barrow Steel Works has been modified and its capacity doubled. 


Concluding From Colliery to Cable Making 





bitumen impregnated textile bedding and serving, or extruded pve 
Sheaths, both over and under the armour wire. 


TESTING 


The nature of cable manufacture is such that it does not lend itself 
to detailed testing at intermediate stages of manufacture, and it is neces- 
sary to keep very close control of raw materials and of manufacturing 


Processes. For this purpose the works has a fully equipped laboratory 


and makes use of automatic controls for machinery wherever possible 
Completed cable is tested both to meet the customer's specification 
and to carry out an overall surveillance of production methods. A 
newly-built test house is equipped for carrying out tests to all accepted 
cable specifications, including high voltage, power factor, insulation 
resistance and capacity tests. A fully mobile test unit, mounted on a 
road vehicle chassis, with a fully smoothed output of 120 kV d.c., Is 
available for testing cables after installation. The test unit ts equipped 
with apparatus for detection of faults in all kinds of cable. 
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Book Reviews 


PROCESSING ENERGY 


Thermodynamics of Heat-Power Systems. By 
F. W. Hutcuinson. Addison-Wesley Pub- 
lishing Company Incorporated, Reading, Massa- 
chusetts, USA ($10) and Academic Books 
Limited, 129 Queensway, London, W.2. (80s) 

This book, published in the United States in 

1957, is intended as an introductory text in 

engineering thermodynamics. It aims at pro- 

viding a broad descriptive coverage which will 
supplement the necessarily brief discussions of 
thermodynamic principles given in the lecture 
theatre. The aim is admirable, in that, intel- 
lectually satisfying as formal classical thermo- 
dynamics can be, it will not be so to students 
whose grasp of the background is insufficient. 

How many must have been deterred when 

attempting to assimilate the concept of entropy, 

for example. 

The theme of the book is the study of energy, 
as it follows a path from source to utilisation. 
The manner in which such secondary energy 
sources as wind, water power, mineral fuels and 
vegetable fuels depend in the first instance on 
nuclear transformations in the sun is described. 
The second section of the text deals with the 
storage of energy in the forms of atomic energy, 
molecular energy or mechanical energy. The 
opportunity is then taken to review elementary 
atomic physics and to describe in simple terms 
the principles of nuclear engineering, to introduce 
the concept of internal energy and to describe 
some properties of solid, liquid and gaseous 
fuels. 

The release of chemical energy from fuels by 
combustion is the stated theme of the third 
section entitled ‘‘ Energy Liberation.” Such 
aspects of combustion analysis as the deter- 
mination of air-fuel ratio, percentage excess air, 


volumetric and gravimetric analyses of reactants 
and products are treated in detail. In so far as 
the only principle involved in such calculations 
is that of the Conservation of Mass, however, 
the title of this section appears somewhat of a 
misnomer. 

Next to be considered is ‘** Energy in Trans- 
mission,” or energy transfer, classified as either 
heat, defined as energy transfer due to a tem- 
perature difference, or work. The discussion 
brings out very clearly the transitory nature of 
heat and work. Some elementary aspects of 
heat transfer are briefly considered and a number 
of empirical equations and correlations of heat- 
transfer coefficients are quoted. The author is 
careful to point out, however, that thermo- 
dynamics does not properly concern itself with 
the rate at which processes occur. 

‘Energy Transformations *’ deals with the 
application of the First Law of Thermodynamics 
to non-flow and to flow systems, and introduces 
the Second Law and entropy. 

The properties of liquids, vapours, gases and 
gas-vapour mixtures are dealt with under the 
general heading *“‘ Energy Transportation.” The 
final section, which constitutes about one-third 
of the book, is entitled “* Energy Utilisation.” 
Air compressors, internal combustion engines, 
steam turbines, refrigerators and air-conditioning 
equipment are all analysed, the last mentioned in 
much greater detail than is customary in English 
text-books of this standard. The emphasis is 
on the thermodynamic cycles employed. 

The author is skilled in metaphor and analogy 
and in maintaining the interest by apt numerical 
illustrations, for example, “* there are many more 
molecules in one cubic inch of air than there are 
people in the entire United States,” but the high 


TRADE PUBLICATIONS 


Copies of any of the following trade publications are 
obtainable from the addresses given, though distribution 
is sometimes restricted. 


Materials 


Steel Tube. MaArKLAND Scowcrort Limirep, Cox 
Green Works, Bromiley Cross, near Bolton. 
Lapwelded steel tube of 6$in to 16in outside 


diameter, various wall thicknesses.. Limited 
quantities available. Leaflet. 
Polyurethane. GENERAL TIRE AND RuBBER CoO., 


Akron, Ohio, USA. Genthane-S_ polyurethane 
elastomer supplied as a _ rubber-like gum for 
compounding as with natural rubber or SBR. 
Thermally stable up to 250° F and brittle point 


below 73°C; oil resistant. Brochure gives 
data. 
Stellite. DeLoro Steviite Lrp., Highlands Road, 


Shirley, Solihull, Warwickshire. 
facing metal for wearing surfaces. 
gives examples. 

Silicone Compound. Hotinay & HEMMERDINGER 
Ltp., 71 Ardwick Green North, Manchester 12. 
** MS4” silicone compound supplied in tubes as 
a grease for insulation and water repulsion. 
Leaflet. 

Polyethylene. British RESIN PRODUCTS  LTD., 
Devonshire House, Piccadilly, London, W.1. 
Rigidex high density polyethylene in five grades 
according to melt index. For extrusion, injection 
moulding, bottle blowing and coating. Technical 
data in information sheet No. 1. 

Insulation. BOWATER ORGANISATION, Bowater House, 
Knightsbridge, London, S.W.1. ermal/acoustic 
insulation panelling for walls and ceilings. Timber 
frame, hardboard covered and filled with mineral 
wool. Leaflet “How to Keep Warm on the 
Quiet.” 

Miniature Mouldings. 
Robin Hoed Lane, 


Stellite hard 
Leaflet 15 


GEORGE GOODMAN LtTb., 
Birmingham 28. “GG 


MiniMouldings ~ 
Leaflet. 

Anti-Mist Glazing. Triplex Sarety GLAss Co. Ltp., 
King’s Norton, Birmingham 30. Booklet * The 
Prevention of Mist and Ice on Windows” des- 
cribes two methods, using resistance wires or gold 
film. 

Chemical Products. ALBRIGHT & WILSON LTD., 
1 Knightsbridge Green, London, S.W.1. “ Facts 
about Albright and Wilson * describes the activities 
of the group both at home and overseas. 

Titanium Alloys. Wm. Jessop & Sons Ltp., Bright- 
side Works, Sheffield 9. The corrosion resistance 
of the Hylite series of titanium alloys is given in 
information sheet No. M811. 

Superston Alloys. J. Stone & Co. (CHARLTON) LTD., 
Woolwich Road, Charlton, London, S.E.7. The 
development and working of the Superston series 
of alloys (copper-manganese-aluminium). Several 
leaflets. 


in nylon for all purposes. 


Compressed Air 

Rock Drill. CONSOLIDATED PNEUMATIC TOOL Co. LTD., 
232 Dawes Road, London, S.W.6. The CP9F minia- 
ture rock drill weighs 7$ Ib; percussive action, with 
air jet to tool point. Leaflet. 

Rotary Compressors. BRooM AND WaApe Ltp., High 
Wycombe, Buckinghamshire. ‘ Whirlwind Uni- 
flow * rotary two stage air compressors; brochure 
gives specifications and “* build-up ~ drawings. 

Power Equipment. Gro. H. HuGHes, Ltp., Edgemond 
Avenue, Tyburn Road, Birmingham 24. * British 
Bellows * equipment includes power cylinders and 
control valves for building drilling, clamping, and 
handling machines. Brochure entitled *‘* Do-It- 
Yourself Automation.” 

Water Extraction. VicTtoR PRopucTs (WALLSEND) 
Ltp., Wallsend-on-Tyne. The “ Aridifier™ is a 
centrifugal extractor for fitting into air lines te 
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journalistic standard is insufficient to ensure that 
the book wholly succeeds in its aim. On the 
one hand there is too little description of * hoy 
engines work.” For example, there is no mention 
that reciprocating air compressors either have or 
need valves in order to function. In the same 
connection the book would have gained by the 
inclusion of illustrations or photographs to 
supplement the block diagrams of engines whose 
cycles are described at such length. Thus the 
construction of a steam turbine and the appear. 
ance of its blading are left entirely to the reader's 
imagination, the only illustration provided 
being triangles representing turbines in block 
diagrams. On the other hand, the treatment 
of the theoretical aspects of the subject is often 
so discursive as to be inexplicit. To quote, the 
statement of Second Law of Thermodynamics js 
that “the availability of energy within any 
system will never spontaneously increase and 
can never be increased by any external method 
which does not result in an equal or greater 
decrease in availability of a like quantity of 
energy.” No explicit definition of availability 
is given, but merely vague statements such as 
*“energy possessing high availability will have 
a spontaneous tendency to flow to the region of 
low availability.” 

In addition, there are some regrettable mis- 
takes. Viscosity is incorrectly defined and in 
the same paragraph it is stated that the viscosity 
of gases decreases and increases with temperature, 
Bernoulli's equation is incorrectly derived. 
Loose statements, such as “mass is weight 
divided by acceleration and “ when in steady 
and continuous motion the energy associated 
with unit weight of fluid is equal to its enthalpy ” 
are likewise to be regretted. 

Thus in brief, the student who manages to 
avoid the pitfalls into which the book is likely 
to lead him need look neither for mechanical 
background nor for any explicit statements of 
thermodynamic fundamentals. 


remove water and dirt. 
up to 2,100 c.f.m. Technical leaflet 33. 

Small Fans. KeitH BLACKMAN LtTp., Mill Mead 
Road, London, N.17. The Tornado range of 
small fans and blowers with capacities from 
5 to 490 c.f.m. Electrically driven. Publication 
No. 41 gives details. 

Cabin Atmosphere Control. NorMALAIR- LTD.., 
Yeovil. Theory and practice for atmosphere 
control in cabins is given in loose leaf brochure. 
Sections include complete aircraft systems; pres- 
surisation; air conditioning; flow control; and 
oxygen supply. Military and civil versions. 
Diagrams of equipment and circuits for each item. 

Compressors. CONSOLIDATED PNEUMATIC TOOL Co. 
Ltp., 232 Dawes Road, London, S.W.6. Class FE 
range of double acting balanced opposed compres- 
sors with outputs up to 5,000 c.f.m. and pressures 
up to 3,000 Ib per sq. in. Illustrated brochure. 


Compressor Lubrication. SHELL PETROLEUM Co., LTD.., 


Four sizes with capacities 


Compressors and Vacuum Pumps and their Lubrica- 
tion, describes the methods and the types of oil or 
grease to use for all types of compressor or pump. 
Two-colour illustrations are given of the lubrication 
arrangements of many commercial machines, as 
well as curves of performance and _ theoretical 
considerations of lubrication. High-vacuum pumps 
are included as well as rotary and reciprocating 
compressors. 

Valves and Fittings. WESTINGHOUSE BRAKE AND 
SIGNAL Co. Ltp., Hanham Road, Kingswood, 
Bristol. Catalogue of control and positioning 
devices, fittings and compressors representative of 
the range made by the firm. Publication P3. 

Diaphragm Units. GrorGE KENT, Ltp., Luton, 
Bedfordshire. The use of pneumatic diaphragm 
units is described in principle and in practice in 
publication No. TP5030. 
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BEHIND THE SCREEN 


Television Engineering: Principles and Practice. 
Volume IV: General Circuit Techniques. By 
s. W. Amos and D. C. BirRKINSHAW. BBC 
Engineering Training Manuals. /liffe and Sons 
Limited, Dorset House, Stamford Street, 
London, S.E.1. (35s) 


The present volume completes the BBC manual 
on Television Engineering, so that we are now in 
a position to assess the coverage of the series as 
a whole. The major subjects not included are: 
(1) TV transmission proper. Only the video 
and synch. circuits and studio equipment are 
dealt with. (2) TV receivers, except insofar as 
some circuits used in receivers are also employed 
in studio equipment. (3) Engineering, in the 
sense of methods of construction and layout, 
components available, testing and so forth. 

In case readers should conclude that these 
remarks mean that “ television engineering” is 
hardly touched upon, we would hasten to reassure 
them that the four volumes constitute a mine of 
valuable information. The inclusion of the RF 
and high power sections of transmitters, of 
aerials and propagation characteristics, of broad- 
cast receiver design, and of practical engineering 
data would probably have required at least 
another four volumes. Few books or journals 
on the subjects variously known as electronics, 
radio, light current engineering or telecom- 
munications (or even wireless) seem to have 
found a really concise and unambiguous title. 

The main part of the subject matter throughout 
the series consists of a description of the different 
types of circuit in use in the video and synch. 
generating sections of the BBC (and no doubt 
other) installations. The various types are con- 
veniently classified into fundamentals and 
cameras (Vol. 1), video amplifiers (Vol 2), wave- 
form and synch. generators (Vol. 3) and general 
circuit techniques (Vol. 4): the latter includes, 
broadly speaking, all the circuits net already 
dealt with in previous volumes. The presenta- 
tion is systematic and avoids, as far as possible, 
both the detailed, exact, mathematical analysis 
(except in a few cases in Vol. 2) and the super- 
ficial description, couched in imprecise terms, 
which is often the alternative to the full treat- 


ment. Some circuit analysis is, of course, 
unavoidable, but this is kept to a minimum by 
concentration on essentials and by the omission 
of second order effects. 

One of the authors is employed in writing 
instructions for BBC engineers, and this no 
doubt accounts for the unusually practical and 
easy-to-follow nature of the explanations given. 
Moreover the circuits shown, one can rest assured, 
have stood the test of long term use, and have 
been selected from the various theoretical possi- 
bilities as being the best in actual practice. 

As regards Volume 4, no definite errors were 
noticed, though, as usually happens, those 
sections of which the reviewer has specialised 
knowledge appeared a little disappointing. The 
treatment of equalisers, for example, seemed to 
be very complete, including both constant resist- 
ance types and Bode variable equalisers, and the 
explanations were remarkably lucid. Some of 
the arguments offered on shunt-regulated ampli- 
fiers did not, however, appear really adequate. 

The subjects covered by this volume can be 
concisely enumerated as follows: counters and 
frequency dividers, circuits for clamping and 
d.c. restoration, gamma control (signal com- 
pression) amplifiers, delay lines and amplitude 
and phase equalisers, line and field output stages 
and scanning coils, shunt regulated video 
amplifiers. 

In conclusion, it may be said that the four 
volumes provide in convenient and _ readily 
assimilated form a great deal of information 
previously scattered throughout a number of 
specialised text books and technical papers. 
The scope of the series, and the form in which 
the information is provided, alike make the book 
particularly suitable for the use of engineers 
engaged in development and maintenance of 
TV video and synch. signal generating equip- 
ment. They will also be useful to senior design 
and research engineers; in this case, however, 
they will often require to be supplemented by 
references to more advanced text books and to 
original papers, and it is a minor weakness of 
the series that references to such papers are 
seldom given by the authors. 


NEW BOOKS 


Mathematics for Higher National Certificate. Volume 
Il: Electrical. By S. W. Bett and H. MATLEy. 
Cambridge University Press, Bentley House, 200 
Euston Road, London, N.W.1. (35s) 

The title is self-explanatory and the authors are 

lecturers in mathematics at Norwich City College. 

The work covered is that in the final year of HNC 

in Electrical Engineering with sufficient topics to 

form the basis of an A.3 course. With Volume | it 
should assist students taking full-time and sandwich 
courses, and should be useful to those taking mathe- 
matics in Part IL of the IEE. It should be helpful 
to those taking University courses though not, 
perhaps, quite as rigorous as these might demand. 
Sixteen chapters range from further differentiation 
and expansion in series, through applications of 
partial differentiation, the Laplace transformation, 

Fourier series, to matrix algebra and an introduction 

to the application of matrices to network analysis. 

Exercises and an index complete the book. 


An Introduction to Fluid Dynamics. By G. TEMPLE. 
Oxford University Press, Amen House, Warwick 
Square, London, E.C.4. (25s) 

Intended as an introduction for honours students in 

mathematics and theoretical physics. The theory of 

irrotational motion and velocity potential are dealt 
with in detail. This claims to be the first elementary 
1ccount of the basic principles. 


Field Studies of the Movement of Soil Moisture. 
By W.P. M. Back, D. Croney and J. C. JAcoss. 


Road Research Technical Paper No. 41. Published 
for the Department of Scientific and Industrial 
Research Road Research Laboratory. By Her 
Majesty's Stationery Office, York House, Kingsway, 
London, W.C.2. (6s) 

Embodies the results of seven years’ investigations of 

soil moisture content and its influence on road 

surfaces, pavements and other shallow-foundation 
structures. Of interest to agriculturists as well as 
civil engineers. 

Coated Abrasives—Modern Tool of Industry. Coated 
Abrasives Manufacturers’ Institute. McGraw-Hill 
Book Company Incorporated, 330 West 42nd Street, 
New York 36, N.Y., USA (38-25); and McGraw- 
Hill Publishing Company Limited, 95 Farringdon 
Street, London, E.C.4. (66s) 

Seventeen chapters deal with the applications of this 

process in various industries, economic aspects, 

precautions necessary and “case histories.” A 

short glossary is given and a detailed index. The 

book is aimed at manufacturers contemplating the 
use of abrasives rather than at the operative who will 
use them. 


Mastgrundiingen fiir Freileitungen. 
anlagen und Bahnspeiseleitungen. By MAX SuBER- 
KRUB. Wilhelm Ernst and Sohn, Hohenzollerndamm 
169, Berlin-Wilmersdorf, Germany. (16-80 DM) 


Fahrleitungs- 


A small (125 pages) book dealing in a specialist way 
with foundations for structures such as _ wireless 
A 37-item bibliography, no index. 


masts, pylons, etc. 
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On the Shelf 


By Frank H. Smith 


One of the first of the 1959 catalogues comes 
from Hafner Publishing Co. of New York 
and if you want your copy send a card to 
Stechert-Hafner Inc., Star Yard, Carey Street, 
London, W.C.2. 

Skyline is the publication of North American 
Aviation and the Fall number is interesting for 
an article on the trans-pole trip under the ice 
by some lads who were there and also for another 
entitled ** Dome Home for the ASM.” This is 
a description of how * Columbus (Division of 
North American) will Construct the World's 
Largest Geodesic Dome for the American 
Society for Metals.” 

Here is a suggestion for directory-compilers. 
Why not a director of diaries ? A short while 
ago I spent the best part of an hour telephoning 
diary publishers, stationers and what-have-you 
trying to track down a title for a particular pro- 
fession. Ultimately we found that this particular 
diary ceased a year ago so that it does seem that 
there is scope for such a guide. 

In the Daily Telegraph of 27 November there 
was a news item about the New York Public 
Libraries’ difficulty in retaining staff. It seems 
that they leave at the rate of one a week because 
the salary rate is so comparatively low. The 
lowest starting rate is £1,428. I must say I do 
not blame them. After all, who wants to work 
for pin-money ? 

It would take too long to reproduce here the 
preamble to Ferranti’s *“ Classified Index of 
Computer Literature** but I can assure you 
that if that’s your subject you could do worse 
than ask for a copy from Ferranti Limited at 
either West Gorton, Manchester 12, or 21 Port- 
land Place, London, W.1. 

Wm. Dawson and Sons Limited, 16 West 
Street, Farnham, Surrey, have just issued 
Number 40 supplementary list of their Scientific 
and Technical Periodicals. If you want Resultats 
des campagnes scientifiques accomplis sur son 

Yacht par Albert | de Monaco in 57 volumes and 
lacking nine volumes you can have it for £50 
(too bad if what you require is missing). I have 
no doubt chosen a silly sample so perhaps you'd 
better try yourself. Dawson also “do” a list 
of publications they publish themselves including 
Geotechnique Volumes 1-4 at £5 a volume. 

Sweet and Maxwell, the law people, now have 
their 1958-9 catalogue ready from 2 and 3 
Chancery Lane, London, W.C.2. It’s done in 
a rather interesting way. Books are _ listed 
alphabetically by author and, at the end, an 
index is set out under subjects. Thus, under 
* Air Law” you find one entry only—MceNair. 
So you turn back to M in the main catalogue 
and find the particulars of the only book they 
publish on Air Law. Cute? I think so too. 

The usual “ review of the literature ~ article 
in Applied Mechanics Reviews for November 
covers * General Theory of Buckling” by H. L. 
Langhaar of Illinois. The article is short—two 
pages—but there are 57 selected references 
attached. 

The OEEC (Organisation for European 
Economic Co-operation as you will know if you 
listen to radio quizzes) Machinery Committee 
Secretariat (2 rue Andre-Pascal, Paris xvi) sends 
their “list of International Associations con- 
nected with the European Engineering Industries 

1958." This lists the bodies indicated in the 
title with their origins, address, aims, membership 
and activities. This is free from the address I 
have indicated (and if you mention this column 
the editor thinks the more highly of me). 

The German Standards Committee has estab- 
lished a special department to do translations of 
German standards in English, Spanish and 
French. So far 450 in English have been done 
and lists are obtainable from Beuth-Vertrieb 
GmbH, Berlin W.15, Uhlandstrasse 175. You've 
got to hand it to “em. 
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Applications for Computers Explored 


Fast Machine 
in Operation at NPL 


The bringing into operation of the large-scale digital computer, ACE, 
at the National Physical Laboratory, Teddington, Middlesex, is an 
important step towards the increased use of such machines. It will 
be used for research into how to use a computer. First studies are 
concerned with partial differential field equations and general field 
theory work—mathematics that are called into play in nearly every 
branch of modern engineering. 

The need for such research is emphasised in the field of nuclear design, 
for example, where reactor calculations concerned with any but the 
simplest symmetrical systems call for computers some 1,000 times larger 
than their present size—-if solutions are to be produced using present 
methods. Since such computers will not be available for some time, 
much importance lies in improving techniques for using available com- 
puters. 

As an example of the value of this study in practical terms, the experi- 
ence of the NPL in using a computer to work out a school timetable 
can be cited. The computer was DEUCE. The first method of calcu- 
lation would have required one million years of computer time for a 
solution: the time was eventually reduced to quarter of an hour by 
information theory methods. This type of problem is of the same form 
as many that arise in production planning of a factory. 

ACE itself is the end-product of research that began at the end of the 
Second World War. In 1945 the late Dr. A. M. Turning joined the staff 
of the mathematics division at NPL and he and his collaborators then 
evolved a logical design for a computer. It was called the Automatic 
Computing Engine—ACE. In 1947 a section, now the control mechan- 
isms and electronics division, came together to develop this machine. 
But not in one step. They decided to make a pilot model first. 


Block schematic diagram of ACE. The function 
unit would usually be called the arithmetic unit, but 
it carries out many non-arithmetic operations as well. 
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ACE is to be used to study the best wa) 
of using computers. It is a fast serial 
machine using mercury delay line storage. 


Thus a pilot ACE, one sixth of the size of the present machine, was 
built to investigate the engineering problems that would arise in the 
full-scale machine. It was completed in 1951 and during the five years it 
remained at NPL it carried out a considerable amount of work and led 
to the manufacture of the English Electric computer, DEUCE. Also 
it provided the team of mathematicians, logical designers, electronic 
engineers, and mechanical engineers with the essential experience to 
undertake the more ambitious project. 

The full-scale ACE has recently been completed. A view of it is 
shown in the illustration and the construction is indicated in the block 
diagram. It is a serial computer in which numbers and _ instructions 
have 48 binary digits. The digit rate is 1-5 million per second, giving a 
word time or minor cycle of 32 microseconds. The main working store 
consists of 24 mercury delay lines, each containing 32 words and circu- 
lating in a major cycle of 1,024 microseconds. Rapid access storage Is 
obtained by using mercury delay lines of one, two, or four words capacity. 
The backing store is four magnetic drums containing a total of 32,768 
words. 

The design of ACE was worked out in its basic details at a time when 
ferrite core storage techniques did not look as though they would offer 
the reliability of the mercury delay line. However, since then reliable 
cores have become available and the present tendency is to use them in 
conjunction with transistors. If this procedure were followed with 
ACE it would be considerably smaller and use much less power. However. 
the rent for the building that houses it and the cost of the 50 kW it 
consumes are quite negligible in comparison with its earning power. 
It is also likely that the use of ferrite cores would increase the speed of 
calculation by half as much again, but the advantages of this were not 
sufficiently great to justify the redesign of the computer. 

It is, in fact, difficult to assess the computer speed from the point of 
view of comparing it with other machines. But it is probably true to 
say that ACE is one of the three fastest machines in operation in Britain 
today. Over a wide range of problems it is ten times faster than DEUCE, 
but the ratio between the speeds of different computers can vary by 20 to | 
when a variety of different problems is considered. With ACE, the 
zeros of a 16th degree polynomial may be obtained in an average time of 
15 seconds; a set of simultaneous equations of order 30 can be solved 
in about 5 seconds (sets containing no zero coefficients of orders up to 
170 may be solved, the time taken varying approximately as the cube 
of the order but diminishing as the order becomes large); the solution of 
Poisson’s equation on a square with 400 mesh points may be obtained 
in about 75 seconds (this is the time for the direct solution of the finite 
difference equations and will give values correct to at least 10 decimals). 


THREE ADDRESS OPERATION 


The ACE instruction specifies a three address operation of the form 
“A function B to D,” where A and B are the store addresses of the 
operands and D is the store address to which the result of the operation 
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is to be sent Instructions also specify a further store address N from 
which the next instruction is to be extracted. The time needed to execute 
this operation for single length numbers is 32 microseconds. Since each 
operation may be followed immediately by another, a maximum rate of 
operation of 30,000 per second is possible. 

From the block diagram of ACE it will be seen that the drum store, the 
multiplier, and the divider are independent units. These are put into 
operation by the appropriate instructions; they then work independently 
until they have completed their operation. This feature provides a 
parallelism of operation, since a multiplication, division, drum transfer, 
and a series of ordinary operations could be in progress at the same time. 
The three-address operation of the machine allows the multiplier and 
multiplicand to be selected and the multiplication process to be initiated 
by asingle instruction. The product is formed in 14 minor cycles, that is, 
430 microseconds. The division process is similarly specified and the 
quotient (rounded or unrounded) is formed in about 1-5 milliseconds. 
The divider also contains an automatic standardising process for use in 
floating point arithmetic operations. 

There are four magnetic drums, each having 256 tracks. The contents 
of one delay line can be stored on one track. Each drum has 16 “ read ” 
heads and 16 * write ~*~ heads: to scan the 256 tracks the heads move as 


FRICTION 
UNDER 
CONTROL 





Research has been fundamental to the work of Ferodo Limited, Chapel- 
en-le-Frith, Derbyshire, ever since Herbert Frood founded the business 
in 1897 to make his improved friction material for brake blocks. Frood 
tested his material both in the workshop and on the road, at first on 
horse-drawn vehicles, but soon on motor cars as well, and from the 
findings of his tests developed further friction materials of improved 
performance. This testing is still carried on, though it is now only a 
part of the work done by the new Ferodo Research Centre, which has 
just been opened by His Royal Highness the Duke of Edinburgh. 
Today, the work of the laboratories can be divided into four main 
groups; fundamental research into friction and raw materials, develop- 
ment and improvement of new and existing types of brake linings, testing 
friction materials on specially designed laboratory machines and on 
vehicles on the road, and designing manufacturing equipment for pro- 
duction work in the factory. Development of friction material for 
purposes other than brakes or clutches. such as stair treads, is also the 
responsibility of the Research Centre. 

Accommodated in an impressive three-storey building near the main 
factory, the Research Centre has over two acres of floor space, and is 
built in the form of a splayed letter * E,” the frontage being curved 
slightly to improve daylight conditions in the wings at the back. The 
layout is such that the building is divisible into four clearly-defined 
elements: the test house, with its accompanying workshop, garage and 
stores; the physical and chemical laboratories; the experimental pro- 
duction department; and the administration, conference room and 
library section. 


FUNDAMENTALS 


When friction material first began to be studied, friction and heat 
resistance were the only properties of importance. Now, it has become 
necessary to consider also oil, water and fade resistance, silence in 
operation, strength, “* drum kindness * and bondability. 

One of the questions being studied in the laboratories is the basic 
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one unit into any one of 16 discrete positions. The drums are 6-75 in long 
and 5in diameter, allowing a linear digit packing of 100 per inch. A 
hysteresis motor running synchronously drives the drum at 12,000 r.p.m. 
and rotates exactly once in five major cycles of the machine. 

ACE is housed in 10 cabinets, each having a cooled air circulation 
system. The cabinets have rising doors—these can be seen in the illus- 
tration—which permit immediate access to the 24 chassis units contained 
in each cabinet. The ancillary equipment includes a broadside card 
reader running at 450 cards per minute and a broadside card punch 
running at 100 cards per minute. In order to read or punch 80 columns 
of a card the computer has an 80 digit input dynamiciser and an 80 digit 
Output staticiser. Punched card and magnetic tape equipment will be 
eventually provided for input and output. 

In the block diagram of ACE the full lines represent channels carrying 
signals at a rate of 1-5 million pulses per second. The dashed lines are 
multiple channels in parallel carrying signals that change at about minor 
cycle rate: these operate gates and triggers. The outputs from the 
delay lines are gated to the Source A, Source B, and Instruction highways. 
The inputs come from the function unit by way of the destination highway. 
The function unit is what would usually be called the arithmetic unit, but 
it Carries Out many non-arithmetic operations as well. 























Built at a cost of £750,000, the Ferodo Research Centr 
deals with every aspect of friction materials, from 
fundamental research to experimental manufacture. 


one, * What is surface friction?” In spite of man’s knowledge of the 
physical and chemical processes taking place within materials, com- 
paratively little is known about the mechanism of rubbing between two 
surfaces, and there is, as yet, no detailed and satisfactory explanation of 
what takes place. Such information as does exist has already given 
guidance on the choice of materials best suited for stated conditions, and 
it is obvious that detailed knowledge could revolutionize the whole 
approach to friction material manufacture. 

Conventional friction materials are based principally on asbestos and 
resin, the former being the most important of the raw materials used 
it was the decision, in 1908, to use woven asbestos instead of a cotton 
fabric base, which proved to be the turning point in the Company's 
early history. Detailed study of the structure and properties of asbestos 
is an important part of the work of the laboratories. 

White, or chrysotile asbestos is the most important variety used in 
industry. It is a hydrated silicate of magnesium corresponding approxi- 
mately to the formula Mg,Si,0,(OH), and is obtained from mines or 
quarries, principally in Canada and Africa. Chrysotile fibres studied 
by the electron microscope are seen to appear as semi-transparent tubes, 
and the Ferodo laboratories have now shown that these tubes consist 
of cylindrical layers of atoms stacked one inside the other. In the 
average fibre there are about ten such layers, the outermost layer being 
about one millionth of an inch diameter, and the innermost layer rather 
less than half that amount. It is now known that there are various 
ways in which the atom layers are stacked and rolled up, helically or 
spirally. Similarly, X-ray study of asbestos is beginning to reveal the 
nature of some of its impurities. 

Resins, which are used to bond the constituents of a brake lining and 
to give it the necessary physical properties, are also the subject of exten- 
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sive study in the laboratories. The resins used in brake linings are of 
the phenol-formaldehyde type, which are thermo-setting in character. 
Precise analysis of the phenols is necessary for the work being done 
in the laboratories, and much use is made of chromatography for this 
purpose. 

EVOLVING A LINING 


It is impossible to provide a simple or even a single formula for a 
successful brake lining, for conditions of use differ greatly, and the ideal 
for one purpose may be unsuitable for another. Deciding on the com- 
position of a lining is the joint concern of the chemist and the physicist, 
the former being mainly concerned with composition and processing and 
the other with friction and physical properties. The starting point is a 
specification of requirements, which may come from a customer or from 
Ferodo technologists; from accumulated knowledge plus the results 
of research a formula is prepared. Small sample batches are then 
made up, the material proportions being varied in some and the processing 
methods being changed in others. Linings are then made and put through 
a series of tests to determine the strong points and weaknesses of each. 
From the results of these tests a further set of samples can be prepared 
and tested, and finally, when the performance matches the specification 
and a process has been established, methods of production on a factory 
scale are developed or adapted as required. All this work, right up to 
the point of handing over to the production departments, is undertaken 
by the laboratories, which thus have to be equipped for testing and 
prototype production as well as fundamental research. 


TESTING 


The original Ferodo materials were tested, more than 60 years ago, 
both by pressing them against a power-rotated wheel, and in vehicles on 
the road, and today the same tests are carried out, though of course the 
original simple types of equipment have been superseded by machines 
which are not only much faster but give a great deal more scientific data. 
It is neither practicable nor necessarily desirable to test all experimental 
linings on the road, and a range of special testing machines has been 
evolved, to carry out the required tests under strictly-controlled condi- 
tions. 

The machines are inertia test dynamometers which are so proportioned 
that a complete drum or disc brake can be mounted for test. They are 
of various sizes, for testing brakes for aircraft, road and rail vehicles, 
and industrial applications; in the vehicle group, for example, tests can 
be applied to brakes from those on heavy transport down to pedal 
cycles. Clutch facings can also be tested, both exposed and immersed 
in oil, and there are facilities for testing brakes themselves, as distinct 
from linings, on behalf of manufacturers. In addition to carrying out 
experimental work, the machines are also used to check factory pro- 
duction. 

In their essentials the machines comprise a driving motor coupled to 
a shaft carrying a bank of flywheels. The brake drum is mounted on 
one end of the shaft while the back plate and shoe assembly is attached 
to a torque reaction member mounted in line with the shaft. Torque 
loads imposed on the reaction member are indicated and/or recorded 
automatically. One flywheel is keyed to the shaft and always revolves 
with the brake drum. All the other flywheels are mounted on bearings 
on the shaft, and can either remain stationary when the shaft revolves, 
or be coupled to the fixed wheel according to the inertia required to 
give approximately the kinetic energy of the vehicle conditions being 
simulated. In a test, the flywheels are accelerated until the brake drum 
reaches a speed equal to the desired vehicle road speed. The motor 
is then declutched or shut down and the brake is applied to bring the 
machine to a standstill. A complete test will consist of groups of between 
30 and 100 such stops, with cooling periods between the groups. Auto- 
matic control panels enable the machines to be operated at pre-set speeds. 
time and cooling cycles and torques over a sequence of 2.500 brakings. 
The latest panels have dekatron counters, which indicate automatically 
braking times up to 10 sec to the nearest 0-01 sec. 

Two variations of the machine exist, other than variations of size. 
Automatic constant torque inertia machines test linings under standard 
conditions. These machines adjust themselves automatically to com- 
pensate for any fluctuation in friction coefficient which may arise during 
the test. Constant pressure machines cover four ranges. They normally 
operate by applying constant pressure to the lining, and as a result of 
variation in friction coefficient the torque is not constant. The largest of 
these machines can store over 16 million ft-lb of energy in its flywheels. 

Clutch facings are tested on machines which simulate both normal 
engagement and slip at full torque, and a bursting machine is used to 
run discs inside a safety housing at increasing speeds until they fly apart. 
The chamber is heated to normal clutch housing temperatures, and the 
machine can operate at speeds up to 25,000 r.p.m. 

A lining which has successfully passed the machine tests is tried out 
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in a vehicle under normal road conditions, or on a test track where 
such work as fade testing, involving many rapidly repeated brake appli. 
cations, may be carried out. A garage is attached to the laboratories fo; 
maintaining the test vehicles, which range from motor-cycles to cars. 
buses and lorries. All the vehicles are equipped with a comprehensive 
set of instruments, and it is possible to carry out performance, speed 
friction, fade, recovery and water recovery tests under varying conditions, 

Ancillary equipment installed for use in connection with vehicle brake 
testing includes a speedometer calibrating rig consisting of an electric 
chronograph and a photo-electric cell. Speedometers can be checked 
at speeds from 10 to 60 m.p.h. 


SINTERED LININGS 


Certain applications such as earth movers and automatic transmissions 
call for friction linings and facings which are outside the scope of conven- 
tional materials, and for these purposes considerable work has been 
and is being done on sintered materials made by powder metallurgy, 
A section of the laboratories is devoted to the study of these materials, 
and work is done on both the design of components and on their 
processing. 

Cerametallic materials which are ceramic bodies with a metallic phase 
introduced into them, have increased heat and wear resistance over 


Brake linings for heavy transport vehicles are tested 
on one of several variously sized inertia test machines, 


sintered materials, and research work is proceeding with a view to 
improving methods of production of these materials. 


EXPERIMENTAL PRODUCTION 


Development of a new friction material does not end with production 
on a laboratory scale. Laboratory techniques must be translated into 
production processes suitable for the factory. An experimental pro- 
duction department is therefore an essential feature of the Research 
Centre. It occupies almost the whole of one wing of the building, and 
contains more than a hundred machines, including standard factory 
equipment as well as prototype plant. This department is concerned 
not only with developing production processes for new products, but also 
with the general improvement of existing factory methods and equipment. 
Because the demands of friction material manufacture are often too 
specialised to be met by standard equipment, it is frequently necessary 
to design and develop special-purpose machinery for production use, 
and this work also falls to the Research Centre. A section of the experi- 
mental production laboratory is equipped for developing and testing 
all such special machinery. 
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FATIGUE SINCE WOHLER 


A Century of Research 


By 


HUNDRED years ago, in 1858, Herr A. Wohler 
A published the first of a series of papers that 
were to appear in Zeitschrift fiir Bauwesen over 
the years to 1870 concerned with the mechanical 
testing of metals. Extracts from a summary 
report of his, entitled “ Uber die Festigkeits- 
versuche mit Eisen und Stahl,” were published in 
ENGINEERING in 1871 and later in 1874. 

Wohler was no specialist in fatigue, nor was 
he by any means the first in the field. Failure 
under repeated loadings was noted at least as 
early as 1829 by Albert, experiments on the 
phenomenon being conducted by Rankine in 
1843 and by Hodgkinson in i849. Wohler’s 
contribution, apart from the original ideas he 
brought to the mechanical design of test 
machines, lay in establishing reversed-stressing 
tests in the basic repertoire of the mechanical 
engineer. It is clear from his papers that he 
viewed reversed-stressing tests as an extension, 
as it were, of the direct-stressing tests and looked 
on the data they provide (the number of cycles 
to failure under a reversed stress of given 
amplitude) as of the same basic significance as 
tensile data, such as breaking stress (as he calls 
it) and elongation. The relation between these 
two quantities, fatigue stress amplitude, S, and 
the number of cycles to failure, N, as embodied 
in the S-N curve, has become the basic fatigue 
description of engineering materials, and today 
incalculable amounts of time and money are 
devoted to the accumulation of data for the 
plotting of more and more points on more and 
more S-N curves. 

No-one closely associated with the contem- 
porary problems of applied mechanics can 
possibly feel that the last hundred years of fatigue 
investigation have been worthy of their period. 
It is hardly necessary to recapitulate here the 
changes which scientific ideas and experiment 
have brought about: much is self evident in the 
very manner of human living and in the activities 
which now engage us. A hundred years ago, 
Faraday was approaching the end of his remark- 
able time at the Royal Institution. Maxwell 
had not as yet published the electromagnetic 
theory that was to link Faraday with Hertz, 
Rayleigh, Helmholtz and Heaviside. Thermo- 
dynamics was only just finding its form under 
Kelvin, Clausius, and Rankine, and the concept 
of entropy was hardly appreciated. Solid state 
knowledge, predominantly chemical in nature, 
and fresh from the successes of Davy, Berzelius 
and Gay-Lussac, was ready for the order that 
Mendeleef was soon to bestow on the scheme of 
things. But solid state physics, as we now 
know it, had not begun. The electron, radiation, 
relativity, quanta, atomic and molecular struc- 
ture, are all products, largely, of the last sixty 
years, and the extraordinary technology that 
has followed them has not, even yet, discovered 
the limits of its own powers. 

A great scientific distance seems now to 
separate modern electrotechnology from the 
naive coil and magnet of Faraday, but Wohler, 
with a little streamlining in his machines, might 
be with us now. These hundred years, as far as 
fatigue science goes, have by comparison been 
singularly arid. Many distinguished contribu- 


*The College of Aeronautics Cranfield 


Professor A. J. Kennedy* Pu.D., A.MA.E.E., F.1INst.P. 


tions have, of course, been made, not least by 
those in the 1920°s who aroused a new concern 
for fundamental understanding. But for all 
that, our major engineering preoccupation is 
still the experimental study of a number of 
practical variables in terms of the S-N charac- 
teristics. We may well ask why this is, and 
whether it represents a pattern of thought 
destined to survive for yet another hundred 
years. The reasons why fatigue, as a subject, 
is in such an unsatisfactory state are not simple, 
but it may be salutary to attempt, at this stage, 
some examination of the factors that have 
brought about such a situation. 


THE MEANING OF FATIGUE 

Inherent in Wohler’s approach, and since per- 
petuated in the vast majority of work on the 
subject, lies the assumption that a particular, 
singular process occurs under alternating stresses, 
distinct from those developed in unidirectional 
stressing, which leads ultimately to fracture if the 
amplitude of the stress is large enough. This, in 
the context of 1858 is excellent: in the light of the 
knowledge accumulated in the last fifty or sixty 
years, it is childlike in its innocence. 

One of the greatest barriers to a_ sensible 
delineation of the behaviour of metals under 
alternating stresses has been the overall grouping 
of a variety of complex fundamental processes 
under the title fatigue. When alternating stresses 
are applied to metals, even to those of high 
purity, a great number of processes can occur. 
The more complex the alloy and the more com- 
plex the microstructure, then the more complex 
in their interactions may these processes be 
expected to become. Under certain conditions, 
it is known that the resultant effect of the stressing 
is the creation of microcracks which may propa- 
gate through the metal and lead to fracture. 
These processes of crack formation and propaga- 
tion we may fairly consider to represent the final 
stages of fatigue. But is fatigue also to apply 
to the stress-relief and recovery, to the ageing, 
to the precipitation, the boundary creep, or any 
of the other stress-activated processes that have 
been observed? The title is surely far too 
general. The study of the so-called laws of 
fatigue, as it now stands, is akin to attempting a 
study no less wide than that of the laws of 
economics or the laws of human illness. These 
cannot be fruitful scientific studies until we 
define what economic activity, or what illness, is 
under analysis—or to use the proper term, what 
the system is. The scientifically significant laws 
are those which relate to the basic physical pro- 
cesses: bulk measurements, if we may call them 
that can never constitute anything more than 
data-collection, however important and neces- 
sary such data may in fact prove to be. 

Again, the very word fatigue is inappropriate 
by analogy with the animal condition. Animal 
fatigue is characteristically a matter of degree; 
it exhibits a process of development and also 
one of recovery under rest. Metal fatigue, from 
the engineering standpoint, is characteristically a 
cataclysmic process. Detection of development 
before the latter stages is difficult, nor is the 
condition, in general, dissipated by recovery; the 
damage is cumulative, and animal fatigue is not. 


Thus the title is unfortunate in itself. It may 
be too late now to do very much in this respect, 
but what can be done, at least, is to see this 
admittedly special form of crack development 
and propagation within a more general frame of 
reference which embraces the whole dynamic 
behaviour of solids under stress. The reluctance 
of engineering and science to pursue such a line 
is curious and needs special consideration. 


DYNAMICAL ASPECTS 

The fatigue investigation of the last hundred 
years is flavoured by the inherent assumption 
that an understanding of the behaviour of a metal 
when a static stress is reversed will provide the 
clue to the creation of the so-called fatigued 
state or structure. This is correct just so long as 
all the component elemental processes which 
make up the structure have a zero response time. 
In fact this is never true, although the differences 
between what might be called reversed static 
stressing and very low-frequency dynamic stress- 
ing are trivial when the time periods are much 
longer than the relaxation times of the funda- 
mental physical processes brought into play. 

The perpetuation of a non-dynamical approach 
in this mechanical context is equivalent in style 
to attempting the solution of a complex electrical 
network by reversed transient analysis instead of 
steady-state alternating theory. Although such 
analysis embodies the steady-state solution, it 
gives no immediate idea of its form and character 
and is generally less flexible. In any case, 
mechanical engineering has not fulfilled this 
analogy properly even in the transient case, for 
its reversed stressing approach has been less 
concerned with loading transients than with what 
might be called a sequence of interim steady 
state conditions. If this approach were applied 
to electrical circuitry the ambiguity of the results 
would make analysis and design impossible. 

Experiments of the reversed-static type are 
based on a false appreciation of the factors which 
arise in dynamic stressing, particularly the 
concept of response or relaxation times. Con- 
sidering that the dynamic possibilities of solids 
were developed (by Maxwell and Kelvin, for 
example) concurrently with early electrical 
theory, and considering also the great influence 
this study has had (in its more generalised form) 
on modern physical metallurgy, in the description 
of such processes as those of diffusion and ageing, 
it is remarkable that the fatigue processes have 
been given such scant attention in these terms. 
Frequency and temperature at once become more 
important variables, when viewed from. this 
standpoint, than they have usually been given 
credit for, and offer possibilities for process- 
isolation and study which have never been fully 
exploited. It is hard to understand why engi- 
neering, which deals so successfully with those 
dynamical problems which arise everywhere in 
machines and structures subjected to mechanical 
vibrations, should be so uninterested in their 
possibilities when applied to the very materials 
which make up such machines and structures. 

CULT OF THE S-N TEST 

The fixed pursuance of the S-N test, and the 
use of the data which it provides, has proved a 
sterile strategy. Such testing has undoubtedly 





782 


Continuing Metals and Materials 


provided design data of great value to technology 
in establishing the possibilites and the limitations 
of particular alloys, and their susceptibility to 
failure under the kind of conditions envisaged in 
practice, but the philosophy of the system is 
necessarily one of ** break it and see.” 

If a fraction of the effort devoted to the build- 
ing up of these test facilities had been invested in 
genuine research into what might be called the 
fatigue state, then we might by this time have 
some more significant and useful indicators than 
S-N curves and Wohler might really begin to 
look a little old-fashioned. Fundamental re- 
search into the solid state aspects of the subject 
is quite properly outside the sphere of engineer- 
ing; failure in such research is a separate ques- 
tion. But what imagination, inventiveness and 
originality has been demonstrated by engineering 
practice itself in trying to break out from this 
limited S-N mentality? What support has been 
given by engineering interests to research ventures 
which might, in the long term, have borne engi- 
neering fruit? What readiness has engineering 
shown to understand and accept the new tech- 
niques which high-resolution, high-speed equip- 
ment now make possible? The physical proper- 
ties of metals, and changes in these properties, are 
open to study electrically, magnetically, mechanic- 
ally, by high-speed particles and radiation, and by 
dynamic methods of great variety. 

Scattered throughout the academic and 
research institutes, small groups are working 
on limited sections of this general solid state 
field, in which fatigue figures as one of many 
lines of interest. But such research is no short- 
term job, and something more is needed if 
science and engineering are really to transform 
the state of fatigue knowledge and design. The 
work needs ordering and integrating, it needs 
finance and collaboration and it involves enter- 
prise and risk. The scientific problem still centres 
on the detection of changes brought about under 
dynamic stressing and on techniques capable of 
affording such detection. At present these are 
difficult problems, but it is alarming that engi- 
neering appears (at least outwardly) to be so 
content with the S-N philosophy, and to be so 
unassertive in driving research and experiment 
in new and more significant directions. 

The inadequacy of the present philosophy is 
shown up in its true light as soon as a problem 
of any real complexity occurs. In the test 
laboratories, reproducibility is made finer and 
finer by more and more ideal machines, and data 
amassed which are further and further divorced 
from practical application. Specially-prepared 
testpieces, carefully handled and machined, are 
subjected to stress and temperature conditions 
of great stability, and from such tests, numbers 
are derived which are taken to describe the 
material behaviour. This is excellent in itself, 
and in accordance with the best scientific prin- 
ciples, but under user conditions the data turns 
out to be of such limited direct application that 
interpolations and extrapolations abound, and 
the approximations make nonsense of the test 
laboratory precision. 

We cannot at the present time design for con- 
ditions of varying fatigue stress, or frequency, or 
temperature, or for a generalised history of 
loading. We cannot do so because we do not 
know the laws governing the basic physical pro- 
cesses. We do not know these laws because we 
have never seriously tried to establish them. 

The difficulties raised by such problems are, 
of course, very great indeed, but at least let us 
organise some serious attack upon them rather 
than simply rest on a bed of S-N curves. Indeed, 
we shall advance little until the whole study is 
placed on a quite different footing from that 
which exists at present although our books of 
data will no doubt be impressive. It may be 
remarked at this point that even Wohler, who 
was an engineer to his finger-tips, took the pre- 
caution of proving that time (and not just a 
number of cycles) was a factor in his work. A 
hundred years later we show, on occasions, even 
less discrimination. 


SOLID STATE THEORIES AND FATIGUE 


Modern developments of solid state theory 
have not, of course, answered the fatigue ques- 
tions with the same conviction that they have 
dealt with other special problems, such as semi- 
conductor behaviour or crystal growth or even 
alloying. The reason lies partly in the fact that 
the mechanics of crystal lattices are not compre- 
hensible from quantum considerations alone, so 
that the considerable advances in knowledge 
which distinguished the beginning of the century 
were not adequate in themselves to provide a 
basis for such a theory, even though they enabled 
the essential nature of atomic and crystal struc- 


tures to be established. While the complexity of 


the modes of deformation of even a single metal 
crystal was demonstrated fairly early in the 
evolution of solid state mechanics, a compre- 
hensive theory was not evolved until very recent 
times—in the last twenty years or so. It is hardly 
surprising, then, that the effects of relatively 
complex stressing of the kind involved in fatigue 
should be difficult to explain. There is, as yet, 
no wholly satisfactory explanation for the reason 
why an alternating stress can develop a micro- 
crack in a crystal lattice, although theories exist 
which may very well prove to be sound. Crack 
propagation is in some ways easier, but even 
here some quite fundamental questions regarding 
the state of the metal at the tip of the crack 
remain unanswered. Crystal defects, particu- 
larly vacancies and dislocations, are certainly 
involved, but the precise mechanisms may be 
any of several that are theoretically plausible, 
and no firm ideas can be laid down without much 
more experiment. 

While this failure to provide a theoretical basis 
has undoubtedly handicapped very greatly the 
development of more significant engineering tests 
and related methods of interpretation, much 
could have been done before now by engineering 
itself, by absorbing and encouraging metal- 
lurgists with a more fundamental outlook, in 
order to create stronger links with the more basic 
studies and thus widen the range of its attack, 
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and also by backing new and often expensive 
techniques irrespective, in this context, of their 
fundamental significance. In a situation where 
fundamental academic research is Proceeding 
slowly and with difficulty, and where practica| 
day-to-day engineering is tied down and absorbed 
by its established tests and its immediate objec. 
tives, the only relief that can be provided is 
organisations in an intermediate position which 
have the resources to initiate projects of the 
required form and the licence to devote several 
years to research enterprises which may well end 
in failure. These organisations exist, but it may 
well be questioned whether they are really pro. 
viding (or perhaps whether they are allowed to 
provide) the kind of applied science for which 
they are so singularly fitted. 

Materials engineering is confronted by an 
ultimate problem no less comprehensive than 
that of describing the behaviour of a multi- 
process multi-component assembly under variable 
imposed conditions. For the moment we may 
settle for more modest objectives, but may the 
methods we apply at least be worthy of the scale 
of the challenge. Our present concepts are in 
places too crude to bear examination. We 
approach fatigue feeling that it must be simple if 
only it could be once understood. Nothing 
could be further from the truth. It will never be 
simple, and we shall not start putting the subject 
in order until we accept and appreciate just how 
difficult it really is, and how big a part other 
studies, such as statistical theory, must play in 
its proper development. 

This criticism of the study of fatigue know- 
ledge and of our attitude towards the problem of 
fatigue has been concerned with broad principles 
and with the strategy involved. Such a review 
cannot do justice to those many researches which 
have been distinguished by considerable ingenuity 
and scientific insight. But the sum total of 
this hundred years must surely move us to con- 
sider whether profound changes are not required 
if fatigue, as a subject, is to achieve a proper 
cohesion and theoretical structure together with 
a more purposeful and imaginative technology. 


CURE FOR EPOXIDE RESIN 


Towards the end of last year Leicester, Lovell 
and Company Limited announced that a new 
range of hardeners had been developed for use 
with the company’s Epophen epoxide resins 
having the advantage that they greatly reduced 
the toxic and dermatitic hazards usually asso- 
ciated with epoxide resin/hardener combina- 
tions. 

Further development work on these hardeners 
has shown other advantages which include higher 
heat resistance in the room temperature cured 
epoxide resin as compared with liquid polyamine 
hardeners, improved impact strength, less varia- 
tion in gel time with change in temperature, less 
need for precision in measuring hardener in 
proportion to resin, and ability to set under 
damp conditions without loss of strength. 

One of the new hardeners causes gelling of 
Epophen 1075 in 33 minutes at 80 F and 
3 hours at 30'F, in contrast with the type of 
cold setting hardener usually used with epoxide 
resins such as diethylene triamine which gels 
the same resin in 43 minutes at 80 F and is 
impracticable below about 50 F. A _ curing 
period of 16 hours at 40° F gives half the max- 
imum strength, and good resistance to acetone, 
whereas a diethylene triamine hardener under 
the same conditions produces no real strength 
in the resin, which can be dissolved almost 
completely in acetone. 

With the new hardeners, the resistance to 
humidity is such that a casting, laminate or 
adhesive bond can be made with normal dry 
ingredients and surfaces, and then be immediately 
immersed in water without losing more than 
about 10 per cent of its maximum strength. It 


is therefore possible, for instance, to use these 
Epophen resin/hardener combinations for sealing 
a leak in a pipe or the hull of a boat by applying 
them (with fibre reinforcement if necessary) to 
the dried surface and allowing contact with 
water at any time thereafter provided, of course, 
that the joint or bond is not forcibly disturbed by 
water pressure. 

Further details on these new hardeners and 
their use with Epophen epoxide resins may be 
obtained from Leicester, Lovell and Company 
Limited, at North Baddesley, Southampton. 


EPOXIDE PAINT 


A new and improved type of epoxy-based coating 
has been introduced by Corrosion Limited, 
Southampton, under the name of Epiglo type C. 
The aim of development work was to eliminate 
the drawbacks of the conventional two-part 
cold-cure epoxy-based paint which otherwise 
has good properties. The manufactur2rs claim 
that the pot life is now one week as compared 
with 24 to 30 hours, and that the coating will 
cure properly and give long-term protection even 
when applied under extremely adverse conditions. 
As examples of such conditions the manufac- 
turers quote application to a ship’s hull in the 
depth of winter followed by immersion in sea- 
water within a few hours, and application to the 
outside of ammonia tanks with spillage of the 
liquor on to the paint within a day. Neither 


acid nor alkali will affect the coating according 
to the manufacturer's experience to date. 
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Operation and Maintenance 


MAKING AND MAINTAINING 
SPECIAL PURPOSE 
MACHINERY 


Every manufacturer of specialised products faces, in greater or lesser 
degree, the problem of obtaining suitable machinery and, when it is 
installed, of maintaining it efficiently. Even if the necessary equipment 
can be bought, its maintenance may require specialised knowledge or 
skill. Frequently, the manufacturer has to start with fundamentals: 
the machinery he requires is not available commercially, and he has to 
design and make what he needs. Many large organisations have a 
department which is solely concerned with making and maintaining the 
special-purpose equipment needed by the production departments. The 
engineering department of the Mullard Radio Valve Company Limited 
provides an example of the extensive facilities required in a large organisa- 
tion making specialised precision equipment. 

Mullard have had an engineering section since the early days of their 
history, but the plant at Mitcham, Surrey, has recently been re-organised 
and the whole department is now operated as a self-contained factory 
under one roof, with its own facilities for design as well as manufacture. 
The Mitcham engineering department, which employs yearly 300 people, 
excluding apprentices, is responsible for developing, designing, manu- 
facturing and servicing plant, machines and tools for four Mullard 
production factories, at Mitcham, Waddon, Whyteleafe and Hove, and 
works in close co-operation with three other main plants of the Mullard 
organisation. 

The department is responsible for the design and manufacture of new 
plant for the production of radio valves, transistors and similar devices, 
television, instrument and X-ray tubes, and magnetic ferrites. In 
addition, the department develops and modifies existing machinery and 
carries out major overhauls and routine mechanical maintenance. 
Apprentices are accepted by the department and trained in its work. 


LAYING LONG 


WELDED RAILS ECONOMICALLY 





A fully-equipped toolroom and machine shop 
is one of six design and production sections 


of the Mullard engineering department. 

There are six main sections in the department: drawing office, tool- 
room and machine shop, machine building shop, development shop. 
factory maintenance section, and training school. 

A new drawing office has been provided to replace an older one which 
was at some distance from the other sections of the department. It is 
responsible for preparing initial schematic drawings of proposed machin- 
ery for discussion between the department, the factory development 
department and other users and later, when the design has been approved, 
for the detailed working drawings. 

Manufacture of equipment commences in the toolroom and machine 
shop, which is equipped with modern turning, milling, grinding and 
jig-boring machines, some of which have been 
modified to suit the particular work of the 
department. Among the equipment is a fully- 
automatic spark-erosion machine, accurate to 
0-001 mm. Considerable pioneer work on spark 





An improved method of laying long welded rails 
has been devised by the Chief Engineer’s Depart- 
ment of the North Eastern Region of British 
Railways. 

A train of eleven * Salmon” bolster wagons, 
with a total length of about 700 ft, is used for 
the operation. Up to 36 welded rails, 300 ft 
in length, can be loaded on to these wagons 
in two batches of 18 lying end to end at 
a new rail welding depot at Dinsdale near 
Darlington. The ends of two rails are fishplated 
together to form 600ft lengths (eventually 
continuous welded rails 600 ft long will be 
available). The rear wagon of the train is 
fitted with a gantry designed to guide the rail 
off the wagons at the normal gauge of 4 ft 84 in 
and for dropping the rail ends. 

Before starting laying, the rail ends are 
anchored to the track by 60 ft steel wire ropes 
and the eleven wagons are drawn forward by a 
350 h.p. diesel-electric shunting locomotive until 





the first 70 ft of each pair of rails is clear, the 
ends of each length being allowed to fall to track 
level. During this part of the operation the 
first pair of existing short rails is tipped out 
manually from the chairs. The train is stopped, 
the ends of the long rails are put into position 
in the vacant seatings and fishplated to the 
existing track, and the wire ropes removed. 
Thereafter the train is kept moving at a con- 
stant speed of about 30 ft per min (the short rails 
being tipped out in pairs as the rear wheels of 
the last wagon move clear) and the 600 ft rails are 
guided into the chairs by men using bars. When 
the free ends of the first pair of long rails have 
reached the wagon next to the gantry wagon, the 
train is stopped and the rails are fishplated to 
the second pair. This cycle of operations 
continues until the last pair of rails has been 
drawn off the wagon. Portable telephone 
equipment is used for communication between 
the engine and the gantry wagon of the train. 


Long welded rails are 
now taken to site in 
300 ft lengths. With 
the gantry shown, such 
rails can be laid direct- 
ly into the chairs from 
which standard rails 
have just been removed. 


erosion has been done by the department, and 
machines of this type are now a standard item 
of equipment for routine production of tungsten 
carbide dies for valve parts. The machine shop 
undertakes the complete manufacture of all 
types of hand and power press tools from 
simple crop and punch to multi-stage tools, 
and also makes many different types of jigs 
and fixtures for valve and cathode ray tube 
assembly. Small-batch production of component 
parts for gas-discharge tubes, photo-electric cells 
and X-ray tubes is also undertaken in the 
machine shop. 

Complete machines for valve and cathode 
ray tube production are made in the machine 
building shop, which also undertakes major 
overhauls and rebuilding work. Examples of 
the work of this section are a 12 head valve 
sealing machine, a continuous settling macnine 
for television tube production, and an automatic 
machine for assembling the crystals of a 
germanium diode into their envelopes. 

Development and manufacture of 
making assembly jigs and fixtures and small 
specialised picces of equipment are among the 
duties of the development shop, which also 
undertakes experimental work on any production 
problem which may arise or be foreseen. Typical 
equipment developed in this section includes an 
electronically-controlled cathode spraying plant, 
automatic error-correcting devices used for 
cutting wires to specified lengths with extreme 
accuracy, and automatic, variable-pitch frame 
grid winders. These latter machines are of 


valve- 


Continued on next page 
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particular interest. A frame grid is a component 
of some of the latest radio valves, and to make 
it, it is necessary to wind wire only 10 microns 
thick on to a frame in such a way that the 
turns are closer together towards the ends than 
in the centre. The machine does this at high 
speed, winding 145 turns accurately on a frame 
only 7-5 mm long. 


SMALL SOLDERING IRON 


A miniature soldering iron now available from 
Ad. Auriema Incorporated, 85 Broad Street, 
New York, N.Y., USA, is made by the Wassco 
Products Corporation and is designed for con- 
tinuous use. It has a dual metal tip with the 
working gap adjustable between 34 in and 7 in 
according to the work in hand. The two elec- 
trodes are set at an included angle of 3°. The 
standard hand piece has a choice of three heats, 
using 15, 50, or 100 W. 


LONDON’S TRAVOLATOR 


The 300 ft tunnel which will carry Britain’s first 
moving pavement—the twin-track travolator to 
connect the Bank platforms of the Southern 
Region’s Waterloo and City line with the 
London Transport station—is nearly complete. 
Workmen operating in squads throughout the 
day have driven the 164 ft diameter cast-iron lined 
tunnel alongside the existing subway, familiarly 
known as “ The Drain.” They have gone on 
working within a few feet of the passengers, 
30,000 of whom pass through the Drain in each 
rush hour every day. At night special trains have 
been run from the Bank to Waterloo to remove 
the London clay that has been excavated. 

But there are many months of work before the 
i80 ft per min travolator tracks and the mach- 
inery can be installed. A new ticket hall is to 
be built just under the roadway, with a new 
subway to Poultry. For this work many water 
and gas mains, sewers and cables are having to 
be diverted—mainly at night. A 4 ft sewer which 
ran along Poultry to Mansion House and down 
Walbrook has already been diverted from the 
Mansion House along Queen Victoria Street 
and Bucklersbury. 

Four large mains and three smaller ones have 
yet to be moved as well as about 50 electric 
cables, a dozen telephone cables and a dozen 
telegraph tubes. A shaft will be sunk 24 ft to 
carry the larger pipes—two 20in water mains 
and two 24 in gas mains—as well as many of the 
cables, along a new pipe subway. ; 

More work has also to be carried out at the 
bottom end of the travolator tunnel, where the 
approach to platform 2 is being enlarged to make 
it easy for passengers to pass through during the 
rush hour. The existing subway will not be 
closed when the travolator is installed: it will be 
redecorated and kept for rush-hour use. The 
new moving pavement will mean a comfortable 
two-minute ride instead of the present long walk 
up and down the slope, and 1,600 people will 
get through in those two minutes. It is expected 
that both tracks will be run upwards during the 
morning rush hour and downwards in _ the 
evening. Only a few people want to go against 
the traffic and there will be ample room in the 
subway for them. 
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ALUMINIUM IN UNDERFLOOR HEATING: 


Electrical underfloor heating systems possess 
many advantages: they function automatically, 
maintenance is negligible, the heat is generated 
at ground level and distributed evenly, the floor 
is left completely unobstructed, the absence of 
smoke or localised heat reduces maintenance of 
decorations, no storage space is required for 
fuel, and, of course, smokeless zone requirements 
are met. Such systems are, therefore, gaining 
popularity. 

An improvement in floor heating, which 
eliminates the need for a concrete floor, has 
been introduced by Heating Investments Limited 
of 45 Church Crescent, Finchley. London, N.3. 
Aluminium foil and sheet is used to increase the 
efficiency of the system. The foil is cemented 
to 4in thick expanded plastics heat-insulating 
sheeting, which in turn is cemented to the 
tongued-and-grooved wooden sub-floor. On 
top of the foil is laid the warming element, 
located between 2in wide hardboard strips. 
The foil diffuses the heat from the underside of 
the element, thus eliminating any heat ridging, 
with a corresponding reduction of any downward 
heat loss. 

When the resistance cable has been laid and 
infilled with a special compound, 3 ft square 
sheets of Noral alloy from Northern Aluminium 
Company Limited are cemented on top, spaces 
being left between the sheets to allow for expan- 
sion. The aluminium sheets are finally covered 
by fitted carpets, linoleum, or other form of 
floor covering as required. Because aluminium 
is an excellent conductor of heat, a very quick 
heating response is obtained, in contrast to 
many conventional floor warming systems in 
which a dense screed cover the elements. 

This use of aluminium both as a heat diffuser 
and as a low-surface temperature radiant and 


TO CLEAR THE 


How electricity can assist in the campaign to 
reduce the amount of smoke and smog in the 
atmosphere is set out in an illustrated brochure, 
Nuclear Power to Clear the Air, published by the 
Electrical Development Association, 2 Savoy 
Hill, London, W.C.2. There are three main 
sections to the brochure, dealing with the installa- 
tion of electricity in existing houses, in new 


SKIRTING 


Nailing down the hardboard strips 
locating the resistance wire on the 
aluminium foil for underfloor heating, 


conductive floor panel adds appreciably to the 
efficiency of the electric underfloor heating 
system, with resulting economy in_ power 
consumption. 


AIR OF SMOG 


houses and flats, and in offices, schools, libraries 
and baths. The brochure emphasises that “ the 
more that electricity is generally used in the 
home, shop, and factory, and the more that tall 
chimneys discharge the products of combustion 
from solid fuel at a sufficiently high level for 
them to be quickly dispersed, the sooner will the 
objects of the Clean Air Act be achieved.” 


DUCTING 


A skirting wiring duct is being produced by Key 
Engineering Company Limited, Larkfield, Kent. 
Suitable for power or telephone cable distribu- 
tion systems, the duct has the appearance of 
conventional skirting but contains within its 
bulk a number of wiring compartments. These 
are shown in the accompanying illustration. A 
power or telephone point can be readily installed 
by cutting through the face of the duct with con- 
ventional woodworking tools. The ducts are 
produced in 8 ft lengths and in two thicknesses 
(lin and I%in). The skirting is made from a 
strong laminated phenolic resin. 


The skirting has a number of wiring compartments. 
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